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ve Science and Technology 


(From the month’s news releases; publication here does not constitute endorsement. 


Insulation Tester 

Featuring a 1 to 50,000 megohm range at 500-v d-c 
test potential and an all-welded steel case construction, 
this multipurpose insulation tester has been designed to 
meet the needs for a versatile yet rugged insulation 
resistance measuring instrument for shop and field use. 
Closely regulated test voltage (+0.25 percent) and 
choice of four different megohm ranges make it espe- 
cially applicable for production-line testing of capac itors, 
resistors, motors, transformers, wire and cable, insulating 
material, and so forth, (Associated Research, Inc., 3758 
W. Belmont Ave., Chicago 18, Il] 


Capacitors 


\ new line of glass tubular plastic dielectric ca- 


pacitors feature lightweight and compactness and are 


particularly useful in high-voltage d-c and _ low-fre- 
quency, low-voltage a-c applications. (Corson Electric 


Mfg. Corp., Dept SM, 540 39th St., Union City, N. Be 


Radioactivity Monitor 

Phis precision integrating instrument (Fig. 1) is a 
monitor for use with a Geiger counter for (1) routine 
surveying for alpha, beta, or gamma contamination in 
radioisotope laboratories; (11) detecting large fluctuations 
in cosmic-ray and other laboratory “background”; and 
iii) routine measurements of radioactivity for medical 
diagnosis and treatment, tracer work, or process control 
in industry. It provides four ranges to cover any radia- 
tion intensity up to 20,000 counts/min. ‘Time constants 
of the rate circuit are chosen to provide the best com- 
promise between probable error in reading and speed 
of response. ( Nuclear Instrument and Chemical Corp., 
Dept. SM, 229 W. Erie St., Chiaego 10, TI. 


Optical Pyrometer 

A new type of optical pyrometer, desig: 
larly for precision temperature measurem« 
laboratory yet sufficiently portable to be use 
plant applications, has been developed t 
demand not only for higher degrees of accu 
greater versatility in the measurement of 
above 700°C 1300°F 
targets less than 0.001 in. in diameter and 


It is capable of 


of supplementary lenses, ean be adjusted 
distances varying from 5 in. to. infinity 
Instrument Co., Inc., Dept. SM, Bergenfield, N 


Electronic Metals Detector 


A new electronic metals detector distinguish: 


metallic iron and other metals, such as gold and s 
It will pick up metals through any nonmetallic me 


such as cement, plaster, wood, earth, plasti: 
asphalt. It will quickly determine whether painte: 


objects are iron or other metals. Weighing onl 
the detector can be carried and controlled wit 


hand. Gardiner [lectronics Co., Dept. SM, 
Dayton, Phoenix, Ariz. 


Hardness Tester 


A new hardness téster makes all regular Ro 
tests (60-, 100-, 150-kg loads) and superficial tests 
10-, and 45-kg loads) with any suitable standard 


“N,” or Ball-type indenter. All results show on ; 
easy-to-read dial gage with a single numerica 


The Torsion Balance Co., Dept. SM. Clifton 


Commercial Quartz Shapes 

Commercial quartz shapes are now. avail 
micro and ultramicro analytic work. Items 
breakers, boats, flasks, ‘graded seals, ground JO 


capillary pipets. They are transparent and 


highest transmission of ultraviolet and visible rad 


Melting point and chemical resistance are high 
chemical Specialties Co., Dept. SM, 1854 
Ave., Berkeley, Calif. 


Incubator Stage for Microscope 


A new convenient incubator stage tor the mi 
consists of a heating plate measuring 57 by 
combined with an electric heating element. A 
transformer is supplied for constant controll: 
peratures within the range of 35°C. and 
thermometer is furnished with the unit for regi 
of temperature. The heating plate, which accom: 
specimen slides of standard size, is easily mount 
the stage of any standard microscope. (Wil 


Hacker & Co., Inc. Dept. SM, 82 Beaver St 


York 5. 





Rad 





ivity Scaler 
scaler, for use with Geiger or scintillation 
in both research and clinical work involving 
ve isotopes, is capable of counting as many 
0 counts/min with only | percent “coincidence 
that extremely precise radioactivity measure- 
e possible. When used with either a Geiger 01 
sitive scintillation counter, the instrument will 


Radio 
\ 









| for diagnostic or therapeutic purposes in medi- 
ications, qualitive or quantitative work in chem- 
itine monitoring work, and many other radiation 
( ig problems. (Nuclear Instrument and Chemical 
Corp., Dept. SM, 229 W. Erie St., Chicago 10, III. 









Unitized Incubator 






\ new unitized incubator is designed to fit neatly into 
furniture. It is a 





ny lineup of unitized laboratory 

nodel that holds 50 standard bottles for measure- 

nent of B.O.D. (biochemical demand) and 

ntains temperatures from 5°C to 50°C to within 

C. A sensitive bimetallic thermoregulator turns heatet 

ff and on as needed; fan and baffles direct air current 

around the shelves. (Fisher Scientific Co., 
717 Forbes St., Pittsburgh 19, Pa.) 
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Dept SM. 








letrode Transistors 





l'etrode-grown junction transistors, especially suitable 
for use in audio-amplifier automatic gain control cir- 
iits have two base layer connections allowing introduc- 
of feedback. Amplification factor (alpha) of the 
ide through the amplifier section is guaranteed to 
95 or better. Output signal attenuation of over 20 
can be secured with less than 100 wa applied to the 
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“ap second base lead. (Texas Instruments Inc., 6000 Lem- 
N m Ave., Dallas 9, Texas) 
Silicone Rubber 
bh \ resilient dielectric coating or encapsulating mate- 
a il for extreme temperature electric and electronic com- 
* nents cures in 2 to 4 hr at 200° C to form a rubber- 
fil ke jacket that is uniform, heat-stable, moistureproof, 
a id highly resistant to oxidation, ozone, and weathering. 
Mi lests indicate that transformers properly coated with 
s new material will easily pass both moisture-resistant 
d low-temperature flexibility requirements of ML-T- 
rrade 1. Fully cured coatings also have about twice 
thermal conductivity of conventional resinous o1 
er dielectrics, assuring cooler operation at high 
IS( peratures. (Dow Corning Corp. Dept. SM, Midland, 
Mich 
t Farmer Substandard X-ray Dosemeter 
\ portable, ionization-type Farmer Dosemeter has 


cular application in radiological clinics where dos- 
eadings are needed for x-ray diagnosis and therapy, 
health-physics x-ray monitoring, and for industrial 
graphy. The instrument may be easily calibrated 
ist the built-in primary standard. The probe-type 
ition chamber may be connected to the instrument 














by a 10-ft cable, which allows one to make repeated 
dosage readings at a safe distance from the source of 
x-rays. (Instruments & Equipment, Inc., 489 Fifth Ave., 


Dept. SM, New York 17 


Paper Strip Scanner 

A scanning device is available for obtaining precise 
photometric or radioactivity readings of paper strips in 
electrophoresis and chromatography. Paper strips are 
wound on spindles at each end of the scanner in a man- 
ner similar to the loading of roll film in a camera. When 
the take-up spindle is turned, the paper passes the light 
slit of the spec trophotometer in a controlled plane per- 
pendicular to the light beam. Density readings are taken 
at equal intervals on the paper as measured by an in- 
dicator knob marked for 2-mm movements. A similar 
arrangement of slit-window is provided in the radio- 
activity scanning adapter. (Research Specialties Co., 


Dept. SM, 1148 Walnut St., Berkeley 7, Calif 


Video Phase Meter 

The type 324-A video phase meter provides direct 
readings of phase angles from 0° to 360° without am- 
biguity. The of 20 kcy/sec to 4.5 


mevy /sec may be extended down to 20 cy/sec on special 
for either sine or com- 


frequency range 
orders. Angular accuracy is +4 
plex waves having no more than one positive going zero- 
axis crossing per cycle. (Tippett & Co. Inc., Dept. SM, 


119 Commonwealth Ave., Boston 15, Mass. 


Multichannel Oscillographs 
New 


ture four- and six-channel systems. An electrically con 


multichannel direct-writing oscillographs fea 


trolled chart drive system permits instantaneous speed 
selection. A total range of 16 accurate chart speeds iS 
possible from 1 cm/hr to 250 mm/sec. All speeds are 
selected with a front-pane! control or with an accessory 
Brush Electronics Co., Dept. SM, 


Ohio 


remote-control unit. 
3405 Perkins Ave., Cleveland 14, 


Transistor Test Set 
A new transistor test set features dependable, direct 


measurement of transisto1 characteristics at any. fre 


quency from 100 cy/sec to 1 mey/sec. Designed as a 
versatile laboratory instrument, its speed and simplicity 
of operation adapt it for routine production testing. It 
is used in conjunction with an external oscillator and 
vacuum-tube voltmeter of types commonly encountered 
in electronic laboratories. Provision is made for measur- 
ing phase angle as well as magnitude of the hybrid co- 
efficients, thus permitting accurate design of AF, IF, and 


Baird Associates, Inc., 33 University Rd.., 
, Mass. 


RF circuits. 
2Q 
¢ 


Cambridge 


Geiger Counter 
I he 


standard-size Geiger 


miniaturized components, 


utilizes 
tubes, and an electron 


new counter 


high-volt- 
age supply operating on standard low-voltage batteries 
Phe Radiac Co., Inc., Dept. SM, 489 Fifth Ave., New 


York 1/. 
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— Wiley Books in Science and Technology — 


An outstanding appraisal of the methods of psychotherapy 


FUNDAMENTALS OF PSYCHOANALYTIC TECHNIQUE 


By the late TRYGVE BRAATQOY, M.D., formerly of the Topeka Institute for Psy 
choanalysis; late head of the Psychiatric Department, Ulleval General Hospital, Oslo 
Here is a vitally fresh approach to the fundamental methodology of psychotherapy 
Oriented toward the patient, toward obs2rvation, and toward psychosomatics, it 
offers sound practical suggestions and a stimulating insight into the problems of 
analysis. The presentation is centered on the importance of description in analysis 
and stresses the biological and physiological aspects of technique. Ample clinical ma 
terial is included. 1954. 404 pages. $6.00. 


A complete handbook and reference on X-ray diffraction 


X-RAY DIFFRACTION PROCEDURES 


For Polycrystalline and Amorphous Materials 
By HAROLD P. KLUG and LEROY E. ALEXANDER, both of the Mellon Insti 
tute. Here is the first complete work on al! the major applications of X-ray diffrac 
tion to polycrystalline materials. It is fully up-to-date and sufficiently broad in 
scope to serve both beginners and experienced workers. It provides full, practical de 


tails and backs them up with enough basic theory to provide an understanding of the 
procedures. 1954. 716 pages. Illus. $15.00. 


Send today for on-approval copies 


JOHN WILEY & SONS, Inc. 440 - 4th Ave., New York 16, N.Y. 








More Precision in 


Niagara “Controlled Humidity” Method provides air 





ENGINEERS 
Air Conditioning and 
PHYSICISTS 





at precise conditions of temperature and moisture 
content, 

In the range from below 32° F. to 140° F. you may 
have constant conditions within tolerances of 1° F. 
and 2% R.H. with control by thermostats alone... 
simple and inexpensive ...no moistare sensitive in- 
struments needed. 

This Method uses “HYGROL” liquid absorbent 
to remove moisture from the air directly. Operation 
is automatic: the absorbent is re-concentrated, by a 
new, reliable method, at the same rate as it becomes 
diluted, 



























































Use it for drying pro- 
cesses, preventing moist- 
ure damage to instruments 
or hygroscopic materials, 
controlled atmospheres for 
tests and experiments. 
Unit capacity ranges up to 
20.000 ce. f.m. 

Write for Bulletins No. 
i. bee PASy address 
Niagara Blower Co., Dept. 
SM 4105 Lexington Ave., 
New York 17, N, Y. 
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The Variety of Reasons for 


the Acceptance of Scientific 


Theories 


After receiving his Ph.D. degree from the University of Vienna, Dr 


PHILIPP G. FRANK 


Frank was 


professor of theoretical physics at the Uniwersity of Prague from 1912 to 1938 


Since 1940, he has been a faculty lecturer in physics and the 
Harvard University. He has 


science at 


College of the City of Nex 


MONG scientists it is taken for granted that 

a theory “should be” accepted if and only 

if it is “true”; to be true means in this con- 

text to be in agreement with the observable facts 
that can be logically derived from the theory. Every 
influence of moral, religious, or political considera- 
tions upon the acceptance of a theory is regarded 
as “illegitimate” by the so-called “community of 
scientists.” This view certainly has had a highly 
salutary effect upon the evolution of science as a 


human activity. It tells the truth 


] 


whole 


but not the 
truth. It has never happened that all the 
conclusions drawn from a theory have agreed with 
the observable facts. The scientific community has 
accepted theories only when a vast number of facts 
has been derived from few and simple principles. 
imiliar example is the derivation of the im- 
nsely complex motions of celestial bodies from 
simple Newtonian formula of gravitation o1 
large variety of electromagnetic phenomena 

| Maxwell’s field equations. 
we restrict our attention to the two criterions 


mber, 1954 


philosophy ot 
visiting professor at the 
and Purdue 


also bee ma 


York, Brown University, Universit) 


that are called “agreement with observations” and 
“simplicity,” we remain completely within the do- 
main of activities that are cultivated and approved 
by the community of scientists. But, if we have to 
choose a certain theory for acceptance, we do not 
know what respective weight should be attributed 
to these two criterions. There is obviously no theory 
that agrees with all observations and no theory that 
has “perfect” simplicity. ‘Therefore, in every indi- 
vidual case, one has to make a choice of a theory 
by a compromise between both criterions. How- 
ever, when we try to specify the degree of ‘‘sim- 
plicity” in different theories, we soon notice that 
attempts of this kind lead us far beyond the limits 
of physical science. Everybody would agree that a 
linear function is simpler than a function of the 
second or higher degree; everybody would also 
admit that a circle is simpler than an ellipse. For 
this reason, physies is filled with laws that express 
proportionality, such as Hooke’s law in elasticity 
or Ohm’s law in electrodynamics. In all these cases, 
doubt that a nonlinear 


there is no relationship 
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A 


>. 


would describe the facts in a more accurate way, 
but one tries to get along with a linear law as much 
AS possible. 

There was a time when, in physics, laws that 
could be expressed without using differential calcu- 
lus were preferred, and in the long struggle be- 
tween the corpuscular and the wave theories of 
light, the argument was rife that the corpuscular 
theory was mathematically simpler, while the wave 
theory required the solution of boundary problems 
of partial differential equations, a highly complex 
matter. We note that even a purely mathematical 
estimation of simplicity depends upon the state of 
culture of a certain period. People who have grown 
up in a mathematical atmosphere—that is, satu- 
rated with ideas about invariants—will find that 
Einstein’s theory of gravitation is of incredible 
beauty and simplicity; but to people for whom 
ordinary calculus is the center of interest, Einstein’s 
theory will be of immense complexity, and this low 
degree of simplicity will not be compensated by a 
creat number of observed facts. 

However, the situation becomes much more com- 
plex, if we mean by simplicity not only simplicity 
of the mathematical scheme but also simplicity of 
the whole discourse by which the theory is formu- 
lated. We may start from the most familiar in- 
stance, the decision between the Copernican (helio- 
centric) and the Ptolemaic (geocentric) theories. 
Both parties, the Roman Church and the followers 
of Copernicus, agreed that Copernicus’ system, 
from the purely mathematical angle, was simpler 
than Ptolemy’s. In the first one, the orbits of 
planets were plotted as a system of concentric cir- 
cles with the sun as center, whereas in the geo- 
centric system, the planetary orbits were sequences 
of loops. The observed facts covered by these sys- 
tems were approximately the same ones. The cri- 
terions of acceptance that are applied in the com- 
munity of scientists today are, according to the 
usual way of speaking, in agreement with observed 
facts and mathematical simplicity. According to 
them, the Copernican system had to be accepted 
unhesitatingly. Since this acceptance did not hap- 
pen before a long period of doubt, we see clearly 
that the criterions “agreement with observed facts” 
and “mathematical simplicity” were not the only 


“ee 


criterions that were considered as reasons for the 
acceptance of a theory. 

As a matter of fact, there were three types of 
reasons against the acceptance of the Copernican 
theory that remained unchallenged at the time 
when all “scientific” reasons were in favor of that 
theory. First, there was the incompatibility of the 
Copernican system with the traditional interpreta- 


140 


tion of the Bible. Second, there was the d 
ment between the Copernican system and t! 
vailing philosophy of that period, the phil 

of Aristotle as it was interpreted by the ¢ 
Schoolmen. Third, there was the objection t! 
mobility of the earth, as a real physical fact 
compatible with the common-sense interpri 

of nature. Let us consider these three typ: 
reasons more Closely. In the Book of Josh 
leader prays to God to stop the sun in its 1 

in order to prolong the day and to enable thi 

ple of Israel to win a decisive victory. God indee 
“stopped the sun.” If interpreted verbally, accord 
ing to the usage of words in our daily languay 
this means that the sun is moving, in flagrant con- 
tradiction with the Copernican theory. One could 
of course, give a more sophisticated interpretatior 
and say that “God stopped the sun” means that | 
stopped it in its motion relative to the earth. This 


is no longer contradictory to the Copernican s\s- 


tem. But now the question arises: Should we adopt 


a simple mathematical description and a compli- 


cated, rather “unnatural” interpretation of th 


Bible or a more complicated mathematical descrip 
tion (motion in loops) and a simple “natural” in 
terpretation of the biblical text? The decision cer- 
tainly cannot be achieved by any argument take 
from physical science. 

If one believes that all questions raised by scienc: 
must be solved by the “methods” of this specia 
science, one must say: Every astronomer who lived 
in the period between Copernicus and Galileo was 
“free” to accept either the Copernican or thi 
Ptolemaic doctrine; he could make an “arbitrary” 
decision. However, the situation is quite different 
if one takes into consideration that physical scienct 
is only a part of science in general. Building up 
astronomical theories is a particular act of human 
behavior. If we consider human behavior in gen- 
eral, we look at physical science as a part ol 4 
much more general endeavor that embraces als 
psychology and sociology. It is called by some au- 
thors “behavioristics.” From this more general 
angle, the effect of a simplification in the mathe- 
matical formula and the simplification in biblical 
interpretation are quite comparable with eacl 
other. There is meaning in asking by which ac 
the happiness of human individuals and groups | 
more favorably influenced. This means that, ! 
the viewpoint of a general science of human 
havior, the decision between the Copernican and 
Ptolemaic systems was never a matter of arbitrar 
decision. 

The compatibility of a physical theory wit 
certain interpretation of the Bible is a special cs 
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REASONS FOR THE ACCEPTANCE OF SCIENTIFIC THEORIES 


West Churchman, 


‘6 f 1 
Reasons for the 


These three articles and subsequent discussion—by Philipp G. Frank, C 
rrington Moore, Thi and Richard Rudner comprised a sympostum on 
ceptance of scientific theortes” held in Boston, Mass., on 27 Dec. 1953, as a joint sston oO 

414AS Section L, the Philosophy of Science Association, and the Institute for the Unity of 
lence; acting as cosponsors were the National Science Foundation and the American Academy) 

f Arts and Sciences. This symposium was the first of five sessions held in Boston, 27-30 Dec., 
n the general subject “Validation of Scientific Theories.” The remaining sessions were spon 
red by the American Academ) of Arts and Sciences, the Institute for the Unity of Science, 

ind the National Science Foundation. They were devoted, respectively, to “The present state 
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f operationalism,”’ “Psychoanalysis and scientific method,” “Organism and machine,” 
“Science as a social and historical phenomenon.” The papers presented in these sessions will 
ippear, one group at a time, in subsequent issues. 
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fa much more general criterion: the compati- 
ility of a physical theory with theories that have 
ven advanced to account for observable phe- 
jomena outside the domain of physical science. 
[he most important reason for the acceptance of 
. theory beyond the “scientific criterions” in the 
agreement with observation and 
is the fit- 


ness of a theory to be generalized, to be the basis 


jarrower sense 


mplicity of the mathematical pattern 


{anew theory that does not logically follow from 
he original one, and to allow prediction of more 
bservable facts. This property is often called the 
‘dynamical” character or the “fertility” of a theory. 
In this sense, the Copernican theory is much su- 
rior to the geocentric one. Newtonian laws of 
jotion have a simple form only if the sun is taken 
is. a system of reference and not the earth. But the 
ecision in favor of the Copernican theory on this 
asis could be made only when Newton’s laws came 
nto existence. This act requires, however, creative 
magination or, to speak more flippantly, a happy 
suessing that leads far beyond the Copernican and 
Ptolemaic systems. 

However, long before the “dynamical” characte1 
f the Copernican system was recognized, the ob- 
ection was raised that the system was incompatible 
with “the general laws of motion” that could be 
derived from principles regarded as “immediately 
intelligible” or, in other words, “‘self-evident” with- 
out physical experiment or observations. From such 
self-evident” principles there followed, for ex- 
ample, the physical law that only celestial bodies 
in circular 
earth ) 


moved “naturally” 
terrestrial bodies (like 

naturally along straight lines as a falling 
loes. Copernicus’ theory of a “motion of the 
in a circular orbit” was, therefore, incom- 
with “self-evident” laws of nature. 

ieval scientists were faced with the alterna- 
Should they accept the Copernican theory 


sun or moon 


its, while our 


simple mathematical formulas and drop 


the self-evident laws of motion, or should they ac- 
cept the complicated mathematics of the Ptolemai 
system along with the intelligible and self-evident 
general laws of motion. Acceptance of Copernicus’ 
theory would imply dropping the laws of motion 
that had been regarded as self-evident and looking 
for radically new laws. This would also mean drop- 
ing the contention that a physical law can be de- 
rived from “intelligible” principles. Again, from 
the viewpoint of physical science, this decision can- 
not be made. Although an arbitrary decision may 
seem to be required, if one looks at the situation 
from the viewpoint of human behavior it is cleat 
that the decision, by which the derivation of phys- 
ical laws from self-evident principles is abandoned, 
would alter the situation of man in the world fun- 
damentally. For example, an important argument 
for the existence of spiritual beings would lose its 
validity. Thus, social science had to decide whether 
the life of man would become happier or unhappier 
by the acceptance of the Copernican system. 

The objections to this system, on the basis of self- 
evident principles, have also been formulated in a 
way that looks quite different but may eventually, 
when the chips are down, not be so very different. 
Francis Bacon, the most conspicuous adversary of 
Aristotelianism in the period of Galileo, fought the 
acceptance of the Copernican theory on the basis 
of common-sense experience. He took it for granted 
that the principles of science should be as analogous 
as possible to the experience of our daily life. Then, 
the principles could be presented in the language 
that has been shaped for the purpose of describing, 
in the most convenient way, the experience of ou 
daily existence—the language that everyone has 
learned as a child and that is called “common-sense 
language.” From this daily experience, we have 
learned that the behavior of the sun and the plan- 
ets is very different from that of the earth. While 
the earth does not emit any light, the sun and the 


planets are brilliant; while every earthly object that 
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becomes separated from the main body will tend to 
fall back toward the center and stop there, the 
celestial objects undergo circular motion eternally 
around the center. 

To separate the sun from the company of the 
planets and put the earth among these brilliant and 
mobile creatures, as Copernicus suggested, would 
have been not only unnatural but a serious viola- 
tion of the rule to keep the principles of science as 
close to common sense as possible. We see by this 
example that one of the reasons for the acceptance 
of a theory has frequently been the compatibility of 
this theory with daily life experience or, in other 
words, the possibility of expressing the theory in 
common-sense language. Here is, of course, the 
source of another conflict between the “scientific” 
reasons for the acceptance of a theory and other re- 
quirements that are not “‘scientific” in the narrower 
sense. Francis Bacon rejected the Copernican sys- 
tem because it was not compatible with common 


sense. 


as required by our Common-sense experi: 
were men—for example, the followers o 

who rejected this view and assume: 
bodies in the universe, earth and stars 
the same material. Nevertheless, many 
and political leaders were atraid that de: 
exceptional status of the celestial bodies | 
science would make it more difficult to 
behef in the existence of spiritual beings 
from material bodies; and since it was 


eral conviction that the belief in spiritual being 


] 


a powerful instrument to bring about a desirai 
conduct among citizens, a physical theory that s 


ported this belief seemed to be highly desirab) 


Plato, in his famous book Laws, suggested 
people in his ideal state who taught the “mate; 


istic’? doctrine about the constitution of sun 


stars should be jailed. He even suggested that 


ple who knew about teachers of that theory an 


not report them to the authorities should also be 
jailed. We learn from this ancient example how s 


In the 18th and 19th centuries, Newton’s me- — entific theories have served as instruments of indoc- 
chanics not only had become compatible with com- 
mon sense but had even been identified with com- 
mon-sense judgment. As a result, in 20th century 
physics, the theory of relativity and the quantum 
theory were regarded by many as incompatible 
with common sense. These theories were regarded 
as “absurd” or, at least, “unnatural.” Lenard in 
Germany, Bouasse in France, O’Rahilly in Ireland, 
and ‘Timiryaseff in Russia rejected the theory of 
relativity, as Francis Bacon had rejected the Coper- 
nican system. Looking at the historical record, we 
notice that the requirement of compatibility with 


trination. Obviously, fitness to support a desirable 
conduct of citizens or, briefly, to support moral be- 
havior, has served through the ages as a reason {0 
acceptance of a theory. When the “scientific 
terions” did not uniquely determine a theory, its 
ness to support moral or political indoctrinat 
became an important factor for its acceptance. | 
is important to learn that the interpretation ot 
scientific theory as a support of moral rules is not 
a rare case but has played a role in all periods 
history. 

This role probably can be traced back to a fac 
common sense and the rejection of “unnatural that is well known to modern students of anthro 
theories” have been advocated with a highly emo- 
tional undertone, and it is reasonable to raise the 
question: What was the source of heat in those 
fights against new and absurd theories? Surveying 
these battles, we easily find one common feature, 
the apprehension that a disagreement with com- 


pology and sociology. The conduct of man 
always been shaped according to the exampli 
an ideal society; on the other hand, this ideal hia 
been represented by the “behavior” of the 
verse, which is, in turn, determined by the laws 
nature, in particular, by the physical laws. In thi 
mon sense may deprive scientific theories of their sense, the physical laws have always been inte 
value as incentives for a desirable human behavior. 
In other words, by becoming incompatible with 


preted as examples for the conduct of man 
briefly speaking, as moral laws. Ralph Waldo Em 
son wrote in his essay Nature that “the laws « 
physics are also the laws of ethics.” He used as a 
example the law of the lever, according to whit 
“the smallest weight may be made to lift th 

est, the difference of weight being compensat 


common sense, scientific theories lose their fitness 
to support desirable attitudes in the domain of 
ethics, politics, and religion. 

Examples are abundant from all periods of the- 
ory-building. According to an old theory that was 
prevalent in ancient Greece and was accepted by _ time.’ 
such men as Plato and Aristotle, the sun, planets, We see the connection of the laws of dé 


’ 


and other celestial bodies were made of a material 
that was completely different from the material of 
which our earth consists. The great gap between 
the celestial and the terrestrial bodies was regarded 
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human conduct with the physical laws of t! 
verse when we glance at the Book of Genes! 
first chapter presents a physical theory abo 
creation of the world. But the story of the ci 
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an example for the moral behavior of 











Thejmves als 
of Epi -fo ince, because the creation took 7 days, 
1ed that sll fe liged to rest on each seventh day. Per- 
'S. Consic ys the tory of the Great Flood is even more 
LY educatoslilmtructi When the Flood abated, God estab- 
lenia! of ed a Covenant with the human race: “Never 
Sin phy in shal! all flesh be cut off by the waters of a 
O teach .d and destroy the earth.” As a sign of the Cove- 
'S as distinefnt the rainbow appeared: “When I bring clouds 





er the earth and the bow is seen in the clouds, I 
|] remember the Covenant which is between me 
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lal beines ‘ 










a desirahjdamd you, and the waters shall never again become 
ry that sypflood to destroy all flesh.” If we read the biblical 
esirable. t carefully, we understand that what God actu- 
gested thaly pledged was to maintain, without exception, the 
“materiajqqmlidity of the physical laws or, in other words, of 
f sun and e causal law. God pledged: “While the earth re- 





ains. seedtime and harvest, cold and heat, sum- 


1 that De 
rand winter, day and night shall not cease.” 


ry and did 








All the physical laws, including the law of causal- 
_were given to mankind as a reward for moral 


Id also he 
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's of indoc.havior and can be canceled if mankind does not 
. desirablefmhave well. So even the belief in the validity of 
moral e-{gpusal laws in the physical world has supported the 





lief in God as the supreme moral authority who 





reason toy 






ntific cy.ould punish every departure from moral behavior 
ory, its fit-gy abolishing causality. We have seen that Epi- 
ctrinationgmirean physics and Copernican astronomy were re- 





cted on moral grounds. We know that Newton’s 
lysics was accepted as supporting the belief in a 
bod who was an extremely able engineer and who 
reated the world as a machine that performed its 
jotions according to His plans. Even the generali- 
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to a factf™mtion of Newtonian science that was advanced by 
anthro-q™oth century materialism claimed to serve as a sup- 
nian haport for the moral behavior of man. In his famous 
mple of ™ook Man a Machine, which has often been called 
deal haf “infamous book,” La Mettrie stresses the point 
he uni-Mat by regarding men, animals, and planets as 
laws of eines of the same kind, man is taught to re- 
In thisgmard them all as his brothers and to treat them 
1 inter-pindly. 
nan off It would be a great mistake to believe that 
» Emer fis situation has changed in the 19th and 20th 
jaws ol @enturies. A great many authors have re- 
| as an Jected the biological theory that organisms have 
which "sen from inanimate matter (spontaneous genera- 
greal- #tlon) , because such a theory would weaken the be- 
ited by fief in the dignity of man and in the existence of a 
oul and would, therefore, be harmful to moral con- 
sirable JMeuct. In 20th century physics, we have observed 


(hat Einstein’s theory of relativity has been inter- 







unl 
s. The gBPteted as advocating on “idealistic” philosophy, 
the #Which, in turn, wouk’ ‘e useful as a support of 
eation HP™oral conduct. Simile the quantum theory is 
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interpreted as supporting a weakening of mechani- 
cal determinism and, along with it, the introduc- 
tion of “indeterminism” into physics. In turn, a 
great many educators, theologians, and politicians 
have enthusiastically acclaimed this “new physics” 
as providing a strong argument for the acceptance 
of “indeterminism” as a basic principle of science. 

The special mechanism by which social powers 
bring about a tendency to accept or reject a certain 
theory depends upon the structure of the society 
within which the scientist operates. It may vary 
from a mild influence on the scientist by friendly 
reviews in political or educational dailies to promo- 
tion of his book as a best seller, to ostracism as an 
author and as a person, to loss of his job, or, under 
some social circumstances, even to imprisonment, 
torture, and execution. The honest scientist who 
works hard in his laboratory or computation-room 
would obviously be inclined to say that all this is 
nonsense—that his energy should be directed to- 
ward finding out whether, say, a certain theory is 
“true” and that he “should not” pay any attention 
to the fitness of a theory to serve as an instrument 
in the fight for educational or political goals. This 
is certainly the way in which the situation presents 
itself to most active scientists. However, scientists 
are also human beings and are definitely inclined 
toward some moral, religious, or political creed. 
Those who deny emphatically that there is any con- 
nection between scientific theories and religious or 
political creeds believe in these creeds on the basis 
of indoctrination that has been provided by organi- 
zations such as churches or political parties. This 
attitude leads to the conception of a “double truth” 
that is not only logically confusing but morally dan- 
gerous. It can lead to the practice of serving God 
on Sunday and the Devil on weekdays. 

The conviction that science is independent of all 
moral and political influences arises when we re- 
gard science either as a collection of facts or as a 
picture of objective reality. But today, everyone 
who has attentively studied the logic of science will 
know that science actually is an instrument that 
serves the purpose of connecting present events with 
future events and deliberately utilizes this knowl- 
edge to shape future physical events as they are de- 
sired. This instrument consists of a system of propo- 
sitions—principles—and the operational definitions 
of their terms. These propositions certainly can not 
be derived from the facts of our experience and are 
not uniquely determined by these facts. Rather they 
are hypotheses from which the facts can be logically 
derived. If the principles or hypotheses are not de- 
termined by the physical facts, by what are they 
determined? We have learned by now that, besides 
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the agreement with observed facts, there are other 
reasons for the acceptance of a theory: simplicity, 
agreement with common sense, fitness for support- 
ing a desirable human conduct, and so forth. All 
these factors participate in the making of a scien- 
tific theory. We remember, however, that according 
to the opinion of the majority of active scientists, 
these extrascientific factors “should not” have any 
influence on the acceptance of a scientific theory. 
But who has claimed and who can claim that they 
“should not”? 

This firm conviction of the scientists comes from 
the philosophy that they have absorbed since their 
early childhood. The theories that are built up by 
“scientific” methods, in the narrower sense, are 
“pictures” of physical reality. Presumably they tell 
us the “truth” about the world. If a theory built up 
exclusively on the ground of its agreement with 
observable facts tells the “truth” about the world, 
it would be nonsense to assume seriously that a sci- 
entific theory can be influenced by moral or politi- 
cal reasons. However, we learned that “agreement 
with observed facts” does not single out one indi- 
vidual theory. We never have one theory that is in 
full agreement but several theories that are in par- 
tial agreement, and we have to determine the final 
theory by a compromise. The final theory has to be 
in fair agreement with observations and also has to 
be sufficiently simple to be usable. If we consider 
this point, it is obvious that such a theory cannot 
be “the truth.” In modern science, a theory is re- 
garded as an instrument that serves toward some 
definite purpose. It has to be helpful in predicting 
future observable facts on the basis of facts that 
have been observed in the past and the present. It 
should also be helpful in the construction of ma- 
chines and devices that can save us time and labor. 
A scientific theory is, in a sense, a tool that produces 
other tools according to a practical scheme. 

In the same way that we enjoy the beauty and 
elegance of an airplane, we also enjoy the “ele- 
gance” of the theory that makes the construction 
of the plane possible. In speaking about any actual 
machine, it is meaningless to ask whether the ma- 
chine is “true” in the sense of its being “perfect.” 
We can ask only whether it is “good” or sufficiently 
“perfect” for a certain purpose. If we require speed 
as our purpose, the “perfect” airplane will differ 
from one that is “perfect” for the purpose of endur- 
ance. The result will be different again if we choose 
safety, or fun, or convenience for reading and sleep- 
ing as our purpose. It is impossible to design an air- 
plane that fulfills all these purposes in a maximal 
way. We have to make some compromises. But then, 
there is the question: Which is more important, 
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speed or safety, or fun or endurance? Thes 
tions cannot be answered by any agreement ; 


from physical science. From the viewpoint of 


ence proper” the purpose is arbitrary, and sce, 
can teach us only how to construct a plane tha; | 
achieve a specified speed with a specified degre; 
safety. There will be a debate, according to 
political, and even religious lines, by which jt yj 
be determined how to produce the compromi 
The policy-making authorities are, from the Jog; 
viewpoint, “free” to make their choice of whi 
type of plane should be put into production. Hy 
ever, if we look at the situation from the viewpgi 
of a unified science that includes both physical a, 
social science, we shall understand how the co 
promise between speed and safety, between fun 
endurance is determined by the social conditioy 
that produce the conditioned reflexes of the p 
makers. The conditioning may be achieved, fo: 
ample, by letters written to Congressmen. As a mui 
ter of fact, the building of a scientific theor 
essentially different from the building of an aij 
plane. 

If we look for an answer to the questior 
whether a certain theory, say the Copernican 9 
tem or the theory of relativity, is perfect or true, 
have to ask the preliminary questions: What pu 
pose is the theory to serve? Is it only the purl 
technical purpose of predicting observable faci 
Or is it to obtain a simple and elegant theory tl: 
allows us to derive a great many facts from sim 
principles? We choose the theory according to 
purpose. For some groups, the main purpost 
theory may be to serve as a support in teaching 
desirable way of life or to discourage an undesirabi 
way of life. Then, we would prefer theories | 
give a rather clumsy picture of observed facts, | 
vided that we can get from the theory a broad \ 
of the universe in which man plays the role t 
we desire to give him. If we wish to speak in a m 
brief and general way, we may distinguish just t 
purposes of a theory: the usage for the construct 
of devices (technological purpose) and th« 
for guiding human conduct (sociological purpos 

The actual acceptance of theories by man 
always been a compromise between the technolo: 
cal and the sociological usage of science. Hum 
conduct has been influenced directly by the latt 
by supporting specific religious or political cree¢ 
while the technological influence has been rat! 
indirect. Technological changes have to produ 
social changes that manifest themselves in chan! 
ing human conduct. Everybody knows of the | 
dustrial Revolution of the 19th century and 
accompanying changes in human life from a rum 
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ve history of science as a human enterprise. If 
y investigated, it will throw light upon 
that some thinkers, Marxist as well as re- 
thinkers, regard as responsible for the social 
risis of our time: the backwardness of social prog- 
mpared with technological progress. ‘To cure 
his illness of our time, a British bishop recom- 
some years ago, the establishment of a 
‘in the advancement in technology, in orde1 
sive social progress some time to keep up with 
echnological advancement. We have seen exam- 
les of this conflict in Plato’s indictment of astro- 
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or true, wmbecause now it is completely resolved by “the scien- 
What puxfiftific method” which theory is the only valid one. 
‘he purl@ffThis opinion is certainly wrong if we consider theo- 





ries of high generality. In 20th century physics, we 
note clearly that a formulation of the general prin- 
ciples of subatomic physics (quantum theory) is 
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or not. Some educators and politicians have been 
firmly convinced that the belief in ‘‘free will’ is 
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role thai with quantum physics. The situation in biology is 
n a mor similar. If we consider the attitude of biologists to- 
just t ward the question of whether living organisms have 
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developed from inanimate matter, we shall find 
that the conflict between the technological and the 


sociological purposes of theories is in full bloom. 
Some prominent biologists say that the existence of 
“spontaneous generation” is highly probable, while 
others of equal prominence claim that it is highly 
improbable. If we investigate the reasons for these 
conflicting attitudes, we shall easily discover that, 
for one group of scientists, a theory that claims the 


origin of man not merely from the “apes” but also 


from “dead matter” undermines their belief in the 
dignity of man, which is the indispensable basis of 
all human morality. We would note in turn that, 
for another group, desirable human behavior is 
based on the belief that there is a unity in nature 
that embraces all things. 

In truth, many scientists would say that scientific 
theories “should” be based only on purely scientific 
grounds. But, exactly speaking, what does the word 
should mean in this context? With all the preced- 
ing arguments it can mean only: if we consider ex- 
clusively the technological purpose of scientific 
theories, we could exclude all criterions such as 
agreement with common sense or fitness for sup- 
porting desirable conduct. But even if we have 
firmly decided to do away with all “nonsense,” 
there still the “simplicity,” 


which is necessary for technological purposes and 


remains criterion of 
also contains, as we learned previously, a certain 
Here, the 
purely technological purpose does not actually lead 


sociological judgment. restriction to 
unambiguously to a scientific theory. The only way 
to include theory-building in the general science of 
human behavior is to refrain from ordering around 
scientists by telling them what they “should” do 
and to find how each special purpose can be 
achieved by a theory. Only in this way can science 
as a human activity be “scientifically” understood 
and the gap between the scientific and the human- 
istic aspect be bridged. 
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The Institute publishes the Encyclopedia for Unified 
Science and Contributions to the Analysis and Synthesis 
of Knowledge. There have been frequent meetings in 
the Boston area and several national meetings on both 
the East coast and the West coast. The topic of these 
meetings was the study of the structure of 
human knowledge in all fields. The goal is to analyze not 
only the logic of science but also the psychological and 
sociological factors pertinent in the evolution of knowl 
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on the Acceptance of Theories 
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Dr. Moore ts senior research fellow at the Russian Research Center of Harv 
University and author of Soviet Politics—The Dilemma of Power and of Ter; 


EW people today are likely to argue that the 
acceptance of scientific theories, even by sci- 
entists themselves, depends entirely upon the 

logical evidence adduced in support of these theo- 
ries. Extraneous factors related to the philosophical 
climate and society in which the scientist lives 
always play at least some part. The interesting 
problem, therefore, becomes not one of ascertaining 
the existence of such factors but one of appraising 
the extent of their impact under different condi- 
tions. My task here (/) is confined to interpreting 
a few high lights of the evidence I have been able 
to gather on this point for the Soviet Union. A 
much fuller discussion is available in a recently 
published general study of the sources of stability 
and change in the Soviet dictatorship (2). 

Since others in this symposium discuss the con- 
tent of the official orthodoxy, dialectical material- 
ism, there is no need for me to deal with this topic 
in any detail. I should like, however, to draw at- 
tention to two features. One is that the doctrine has 
a strong bias against formal and abstract thinking, 
such as that found in pure mathematics, symbolic 
logic, and much of modern physics. The other is 
this: We all know that the doctrine pretends to be 
a universal and cosmic explanation of all natural 
and human phenomena. Yet, as a practical matter, 
the areas where it is applied and the ways in which 
it is interpreted vary considerably with changing 
political circumstances. There is, therefore, a fluc- 
tuating and ill-defined boundary, a sort of no 
man’s land, between the area of politically deter- 
mined truth and the area of scientifically deter- 
mined truth. From about the end of World War II 
until Stalin’s death, the area of political truth ex- 
panded steadily, not only in genetics, but also in 


physics, chemistry, and mathematics. Since Stalin’s 
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death there have been numerous signs of a retr 
on the intellectual front. There have not, howeve: 
been any significant changes in the control machin- 
ery itself, 

There are two main ways in which the Sovi 
system attempts to bring about the political ortho- 
doxy of science. One way is through giving th 
more distinguished scientists higher incomes an 
greater material comforts than the rest of the popu- 
lation. This high social and economic status is held 
upon the condition of outward political conformity 
The other method is administrative. Soviet scienc 
is highly bureaucratized. The independent scientist 
working on his own and freely choosing his ow: 
problems does not exist in the U.S.S.R. Instead, li 
must find his niche in a rambling bureaucrati 
structure. This state of affairs is, of course, by m 
means wholly attributable to the totalitarian aspects 
of the Soviet system. Probably it is a product o! 
changes brought about by the development of in- 
dustrial society generally. Indeed, the easiest wa) 
for an American to capture the atmosphere 


Soviet science would be to recall our large govern- 
ment research projects, although there are signili- 


cant distinctions between the two situations 


It is unnecessary to present here a detailed analy- 


sis of the administrative apparatus in Soviet scienc 
Essentially, it is composed of three elements, th’ 


Communist Party, the secret police, and the techni- 
cally qualified scientist, a triumvirate that has its 


counterpart in every Soviet organization f: 
scientific laboratory to a factory, an army u! 
sports club, or a collective farm. A few comn 
on the ways in which this control system doe: 
does not affect actual scientific work may be « 
terest. 

The aspect of Soviet science that is perhaps 
puzzling to us in the Western world is the 1 
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ng. In actual practice, the plan or research 
of any given laboratory often represents 
me of a tug of war between the desires otf 
ical leaders and the wishes of the scientists 








me poe 

themselves. Despite numerous efforts to tighten 
controls after the war, there are clear indications 
that the natural scientists managed to retain a good 





deal of autonomy, or at least much more autonomy 
than the rulers would like. For example, in Oct. 
1952, a high Party official from Leningrad, Mos- 
cow’s rival as the chief center of scientific activity 
in the U.S.S.R., observed sarcastically in a public 
speech that the hand of the State Planning Com- 


I - . . . . . 
mission could not be felt in his city’s scientific re- 
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ina search establishments. 


In general, it appears that the forms of direct 
control, such as planning and probably even the 
continuous barrage of Marxist-Leninist propa- 
canda, have less effect on the content of Soviet 
science and, hence, on what the Soviet scientist ac- 
cepts as valid theory than do somewhat more subtle 
factors. In this connection, I hasten to add that I 
am not a natural scientist myself and that it would 
require someone with both sociological skills and 
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the appropriate natural science skills to confirm o1 
disprove this tentative judgment. But one may 
point to certain factors connected with the career 
expectation of Soviet scientists as major elements 
in influencing the choice that they make among 
various bodies of thought. The most effective power 
of the Communist regime lies, I think, in deciding 
which kinds of research will be rewarded upon 
completion and which kinds of research will in 
effect be penalized. The immediate point of impact 
is on the career expectations of advanced students 
as well as on mature scientists who want to progress 
up the ladder of rank and prestige. Since some 
calculation of these factors must be made on a 
“realistic” basis by even the most idealistic or the 
most strictly logical scientist, the force of these con- 
trols extends backward to an early stage in the 
scientist’s career. It is especially important at the 
time the scientist selects his field of study. However, 
it is only when a student reaches the closing period 
of his university studies that he knows whether or 
not he has placed his chips wisely. 

he major elements in the situation are the fol- 
lowing. The Ministry of Culture is responsible for 
confirming appointments to research and teaching 
's and for granting higher degrees, although the 
recommendations are usually made by quali- 
scientists and scholars. In 1951, the Ministry 
ed to grant 10.7 percent of the doctoral de- 
ort that had been recommended during the 
ding 3 years. No indication is available as 
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to how many of these refusals were based on 
strictly political grounds. But the reports of the 
Ministry, publicity in the 
central newspapers, usually cases 
of refusal on political grounds to serve as warn- 
ings to Soviet youth. Thus, in 1948, the 


thorities refused to confer the title of professor 


which receive wide 


select several 


alu- 


upon a doctor of physicomathematical sciences, V. 
L. Ginzburg, on the grounds that he had, even in 
his popular works, circumvented the achievements 
of Soviet science and displayed obvious servility 
toward foreign achievements. 

There is also evidence that students, in calculat- 
ing their chances for a career, tend to choose either 
a subject in which the Party has laid down a cleat 
and definite line or one about which the Party has 
expressed no opinion. In other words, they choose 
either the areas where political truths are definite 
or where scientific truths can be more or less freely 
ascertained. ‘They try to steer clear of dangerous 
border areas. ‘Thus, students avoided writing dis- 
sertations on genetics for quite some time before the 
Party made Lysenko’s views an official orthodoxy, 
a decision that was not reached until a series of 
minor forays had been made by the Party into this 
area. Three years before the Lysenko decision, a 
high Soviet official complained that dissertations on 
genetics were becoming so rare as to be almost 
unique events. But in history and philosophy, on 
which the Party made a series of clear-cut pro- 
nouncements after the war, there was a sixfold rise 
in the number of dissertations, while the total in- 
crease in all fields during this period amounted to 
only 34.4 percent. 

Since the Soviets place a very high value on cer- 
tain kinds of scientific research and technical train- 
ing, the Party and the police do not ordinarily in- 
terfere in the routine activities of the scientist. In 
fields where the Party has not issued a pronounce- 
ment, the scientist can set his own standards for gov- 
erning the appraisal of evidence and reasoning in 
research and can set corresponding standards for 
the qualifications of his students. By the late 1930's, 
it became possible for a teacher to fail a Komsomol, 
or Party member, who was clearly incompetent, 
although the teacher might have an anxious mo- 
ment in the process. It appears that this situation 
prevails widely in many areas of research in the 
natural sciences at any given moment. The propa- 
gation of Marxism-Leninism tends to be reduced 
to a formality, accepted as a boring necessity by all 
concerned. In this fashion, the rulers reach a com- 
promise with the autonomous and distinctive re- 
quirements of scientific activity. 

In the latter years of Stalin’s regime, however, 
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this compromise was at least partly upset in several 


fields. The discussion of genetics in the summer of 


1948 is the incident that has attracted the most at- 
tention in the West. This event was merely part of 
a much larger movement. Philosophy, biology, lin- 
guistics, physiology, cosmogony, chemistry, physics, 
and mathematics have all, in widely varying de- 
grees, felt the impact of this movement. In June 
1951, to cite merely one example, the Academy of 
Sciences itself was forced to put the stamp of dis- 
approval on the use of quantum theory, mainly 
because of its supposed connection with “decadent” 
Western idealism and formalist abstraction. Al- 
though Soviet scientists undoubtedly continue to 
use quantum theory in their actual work, uncer- 
tainty about where the political lightning may 
strike next must be a vital element in the over-all 
situation confronting them. The partial relaxation 
that has followed Stalin’s death can scarcely have 
removed this anxiety. Soviet scientists with any 
memory of the past are aware that previous periods 
of relaxation have been followed by new and 
stricter orthodoxies, and they will remain on their 
guard. 

The examination of the Soviet case prompts 
some general reflections on the influence of politi- 
cal creeds in science. A totalitarian creed that 
claims to encompass all human affairs in one sweep 
is bound to come into conflict with scientific theory 
at some point. The essence of a totalitarian system 
is that it tries to impose some single criterion of 
appropriate behavior on every aspect of human 
action, from the choice of a marriage partner to 
the choice of scientific beliefs. Naturally it does not 
succeed entirely, and it has to come to terms with 
the autonomous requirements of these activities. As 
long as a totalitarian regime seeks the benefits of 
science, it must make some compromise with the 
scientists’ own methods of reaching and determin- 
ing truth. The compromise may be made easier 
where the rationalist ethic, that which is part and 
parcel of the rise of our industrial civilization, has 
destroyed any sense of moral and ethical commit- 
ment among scientists. Then scientists may be quite 
willing to accept political direction from any 
source. 

A democratic creed, on the other hand, does not 
claim to present answers to all possible questions 
or to pose the way in which all human activities 
must be carried out. The way it attempts to solve 
the problem of reaching some kind of harmony in 
all the affairs of society, including scientific affairs, 
is a different one and provides greater flexibility. 
Up to a point, the democratic creed provides for 
its own modification through established and 
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agreed-upon rules. Such modifications ca 
from science as well as from other sources. 





I would suggest, however, that no society 








even a democratic one, can accept science as thy 
sole method and source for the modificatio: 
established creed. For reasons that cannot bh: 
here in any detail, it appears likely that an 
human society requires a set of beliefs ab 
purposes of life and the ways in which it is 
mate and not legitimate to achieve these pi 
This set of beliefs constitutes the political t 










DOS 






the society. Since they involve judgments of 
I do not think that they can ever be complet 
amenable to rational discussion. ‘Therefore, as s 








ence develops its own canons for validating 
propositions, there is likely to come a time whe: 
the political creed and the scientific creed confi 
with each other. I am inclined to believe that son 
element of conflict will usually be present, despi 
the contemporary efforts of some religious and sci: 
entific authorities to make polite bows in ea 
other’s direction. Methods of control and con- 
promise will then have to be found. At any rat 
the conflict is a familiar one in the history of West 
ern culture. 






In other words, the totalitarian case, including 
that of the U.S.S.R., merely constitutes an extren 
one. The situation there does not differ from ou 
own in any absolute sense. Nor can all the features 
of the Soviet scene that many of us find repugnant 
be traced entirely to the totalitarian bacillus. | 
the growth of organized research, the emphasis 01 
practical results, and the stress on political con. 
formity, one can perceive in the Soviet situatio 
elements that represent, as it were, a horrible imag 
in a distorted mirror of our own possible futur 
Major similarities can be traced to the fact that 
both the United States and the Soviet Union ar 
industrial societies. 



































Fortunately, the situation in Russia is only a pos 
sible image of our future and is by no means at 
inevitable one. As E. H. Carr has remarked, histor 
does not repeat itself because the actors on the stag 
already know the outcome of the previous act 
The experience of others, to the extent that w 
understand it and use it, becomes part of our ow! 
situation and helps us to make it different. Let 
hope that fuller understanding of Soviet scien 
may help the West to avoid a similar fate. 
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con HE purpose here is to outline the problem dent (circular), based on the methodological sup- 
y rate of induction when this problem is phrased _ position that definitions are not analytic (reductions 
West in pragmatic terms—that is, when the prob- to simples) but rather interconceptual (exhibitions 
em is phrased in terms of the relationship between _ of the interrelationships of concepts). 
udine evidence and decisions. Pragmatism is presumably The pragmatic problem of induction is the de- 
treme interested in the relationship of actions to actions termination of the optimum relationship between 
n our (and not simply in the relationship of “sentences” to evidence gathering and the determination of poli- 
tures sentences.” Hence, the pragmatic problem of in- cies. The problem includes not only the relation of 
nant (duction must be stated in a language of human _— given evidence to policy formation but also the re- 
s. In (gactions—that is, in the language of the social sci- lation of the policies of gathering evidence to other 
is on ences. types of policies (for example, the sampling theory 
con- [he following terms appear to be critical: evi- and experimental design theories are evidence- 
ition dence gathering, which is a reaction of an indi- gathering policies 
nage (vidual to the environment, when such reaction is The pragmatic problem of induction depends, 
ture. (considered from the viewpoint of an increase in among other things, on a determination of the effi- 



































knowledge of the individual relative to a set of 
objectives; decision, which is a potential action of 
an individual, when such action is considered from 
the viewpoint of its efficiency for accomplishing one 
or more objectives; efficiency, which is the probabil- 
ity (or some analogous measure) that a decision 
will produce an outcome; objective, which is a state 
of nature, or part of a state of nature, potentially 
producible by a decision; value, which is a measure 
associated with each objective; policy (strategy), 
which is a rule for the selection of a decision out of 
a set of decisions at a moment of time; this rule 
may be such as to determine uniquely the decision, 
or the rule may specify a random device (flipping 
a coin) for the selection; increase in knowledge, 
which is a measure of the efficiency of a policy 
over a period of time relative to a set of objectives 
and their values. 

ese definitions are intentionally interdepen- 
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ciency of policies. Some policies are considered 
“rational,” some are not. Can this concept be de- 
fined and measured? This paper exhibits the types 
of problems that arise in connection with a defini- 
tion of policy efficiency. Problems may be classified 
into the following types. 

1) Deterministic one-aim problems with cer- 
tainty, where (i) decisions are judged in terms of 
one objective; (ii) there exists a finite set of evi- 
dence sufficient to determine the efficiency of a 
decision for the objective: (iii) every decision has 
either a perfect chance of success or a zero chance. 
Examples are puzzles, simple games, and some 
it seems clear that 
there is only one “perfect” policy consisting of the 


mathematical derivations. Here 


decision to gather the minimum evidence set neces- 
sary to guarantee a perfect decision leading to the 
objective. The effectiveness of other policies may 
be measured in terms of the additional “surplus” 





149 





ees ees 86 EEX 


evidence gathering necessary to find the perfect 
solution. 

2) Statistical one-aim problems with certainty, 
where (i) decisions are judged in terms of one ob- 
jective; (11) there exists a finite set of evidence (vir- 
tually) sufficient to determine the efficiency of a 
decision for the objective; (111) every decision has a 
definite probability of attaining the objective. Sim- 
ple gambling games are examples. The efficiency of 
policies can be measured in terms of the “surplus” 
of evidence gathering plus the efficiency of the de- 
cision that is chosen, although the exact form of 
this measurement may not always be clear. 

3) One-aim problems wiih double uncertainty, 
where (i) one objective is to be served; (ii) each 
decision has a definite probability of success rela- 
tive to the objective; (iii) there exists no finite set 
of evidence sufficient to determine the possibilities 
of success of the decisions; (iv) estimates of the 
probabilities can be made, and estimates of the 
errors of these estimates can be made. Examples are 
simple scientific theories, where “‘curiosity-satisfac- 
tion” is the objective, or a company’s policy, where 
so-called net return or profit, is the only objective. 
Such problems are “doubly uncertain,” because the 
decisions are not certain to produce the desired re- 
sult, and because the “uncertainty” can only be 
estimated within error limits. 

Here the measures of efficiency of a policy be- 
come less easily definable. One might argue for the 
policy that leads to the maximum estimated proba- 
bility of success. This intuitive guess, however, 
would in some cases be incorrect, for the errors of 
the estimates might be quite critical. For example, 
let us suppose that one decision is estimated to have 
a probability of success of 0.75 but that the error of 
this estimate is 0.25. That is to say, the true proba- 
bility may lie anywhere between 0.5 and 1.0. The 
second decision is estimated to have a probability 
of success of 0.70, but this estimate is accurate 
within 0.01. That is, the true value should lie be- 
tween 0.69 and 0.71. A policy that selects the first 
decision is not clearly the best policy. It would be 
the best policy only if one believed that nature “‘is 
either beneficent or indifferent.” The choice of the 
second decision may be a far better one, especially 
if one believes that nature is inclined to be an op- 
ponent. 

In this case then, the effectiveness of a policy is 
to be measured by some function of the evidence- 
gathering effort, the estimated probabilities of the 
success of the decisions, and the errors of these esti- 
mates. The form of this function is not “clear.” 

4) Multiaim problems with double uncertainty, 
where (i) more than one objective is to be served 
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by the policy; (11) no decision has maxin 
tiveness for all the objectives; (iii) a defin 
bility of success exists for each decision : 
each objective; (iv) there exists no finit 


evidence sufficient to guarantee the probabjjj 


of success; (v) the probabilities of suce: 
estimated, and the errors of these estimati 

be estimated; (vi) the values of the objec: 
known or assumed without error. Examp| 
policy problems of agencies, industries, and s 
where the goals are accepted as definitiv: 
policy is judged in terms of the evidence-e; 
effort, the estimated probabilities of success of 1! 
decisions relative to each objective, the errors , 
these estimates, and the “given” values of the o} 
jectives. ‘The proper form of this function bee 
even less “clear.” 

5) Multiaim problems with triple uncertair 
where (i) more than one objective is to be sery 
(ii) no decision has maximum effectiveness for 4 
objectives; (iii) a definite probability of success; 
ists for each decision relative to each objective 

iv) there exists no finite set of evidence sufficiey 
to guarantee the probabilities of success; (\ 
probabilities of success can be estimated, and t! 
errors of these estimates can be estimated: 
there exists no finite set of evidence sufficient 
guarantee the values of the objectives; (vii 
values of the objectives can be estimated, and 1! 
errors of these estimates can be estimated. Exan 
ples are all scientific, community, and industria 
problems. The evaluation of policies in this 
problem is the least “clear” of any; the 7 isur 
evaluation is some function of the estimates of the 
probabilities of success and the values and the err 
of these estimates. 

Possible attacks on the pragmatic problem o! 
duction are 

1) Science ends in summarizing its evidence, and 
it has no part in the evaluation of policies. T! 
objection to this viewpoint is that science obvious 
makes decisions of its own in both theoretical an 
applied science. Science must decide to take certai 
steps in its procedures, and these steps must pre: 
sumably be evaluated by science. Since science dots 
make decisions, the question is: How does it evalu: 
ate its own policies? Or is it unquestionably tru 
that there are no undecided policy decisions ‘ 
basic science? Are all the issues decided by whi 
the “best” scientists actually do? 

2) The evaluation of policies is a concern ¢ 
ence, but it is relative only to “given” values | 
the objectives and “given” attitudes toward risk 
In other words, science does not estimate the value 


‘ 


of objectives, since these must be given by “execu: 
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opular” judgment. Hence, triple-uncer- 
lems are meaningless to science. If this 
adopted, science itself can be evaluated 
lative grounds. 
lues can be assigned by science to objec- 
| the criterions ot best decision can also be 
jgned. To accomplish this assignment and still 
cept the circularity involved (science must accept 
alues to study values), it is necessary to develop a 
ory of science in which no scientific conclusion 


ver has complete validity and in which the meth- 





Mology used by science is a self-correcting device. 
\ typical model for this type of science has been 
heveloped within statistical quality control, and its 
pplication to scientific method is expressed in an 
ticle by Sebastian Littauer (7). ‘Ethical’? con- 


iderations relative to the values of the objectives 
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bso have been discussed (2, 3). The general notion 
leveloped in (7) is that science does not come to 
onclusions, does not validate theories or verify 
hem, and so forth, but that science is essentially 
, control device. Specifically, scientific procedures 
provide policies of such a nature that if a decision 
is selected wrongly the procedure will indicate the 
incorrectness of the wrong solution earlier or more 
economically than any other method. That is to 
say, a method is scientific insofar as it presents con- 
trols at the best possible moment for the individuals 
involved. The perfect scientific method would thus 





provide perfect controls at every instant, and ap- 














proximations to such an ideal are more or less 
scientific according to the degree of approximation. 

This solution operates as follows. One assumes 
a criterion for the value of policies and uses it as 
a basis for the solution of the problem of induction. 
Evidence is then gathered and set into the total sys- 
tem—a system that includes a method whereby one 
can determine whether the evidence indicates the 
correctness of the “basic” assumption for evaluat- 
ing policies. The circularity of the system then be- 
comes a rather vast control mechanism by which 
the assumptions of the system are checked and thei 
invalidity is determined at the earliest possible 
moment. A system would be “‘vicious” if it were such 
that no set of evidence statements could ever reveal 
the incorrectness of the assumptions by which the 
system operates. A system could be circular and 
nonvicious according to this definition. The pious 
hope or faith of those interested in science is that 
there exists a nonvicious circular system, that is, a 
system of scientific gathering of evidence, and 
evaluation of policies thereby, which continually 
provides for a self-adjustment of this system with a 
consequent closer approximation to the perfect con- 


trolled system. 
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Remarks on Value Judgments in Scientific Validation 


RICHARD RUDNER 


Dr. Rudner, who is assistant professor of logte at Tufts College, Medford, Mass., 


served as discussant of the papers presented in this symposium. 


AY important underlying point in the three 
preceding articles is the manner in which, if 
at all, value judgments impinge on the process of 
validating scientific hypotheses and theories. 

[ think that such validations do essentially in- 
volve the making of value judgments in a typically 
ethical issue. And I emphasize essentially to indi- 
my feeling that not only do scientists, as a 
matter of psychological fact, make value judgments 


cate 


in the course of such validations——since as human 
heines they are so constituted as to make this vir- 
tually unavoidable—but also that the making ol 
Psuch judgments is logically involved in the valida- 
F tion of scientific hypotheses; and consequently that 
a log al reconstruction of this process would entail 
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ber, 


the statement that a value judgment is a requisite 
step in the process. 

My reasons for believing this may be set forth 
briefly, but before presenting them I should like to 
distinguish my thesis as clearly as I can from appar- 
ently similar ones that have traditionally been 
offered. 

Traditionally, the involvement of value judg- 
ments (in some typically ethical sense) in science 
has ordinarily been argued on three grounds: (i 
Our having a science at all, or, at any rate, our vol- 
untary engagement in such activities, in itself pre- 
supposes a value judgment. (ii) ‘To be able to select 


among alternative problems, or, at any rate, among 


alternative foci of his interests, the scientist must 
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make a value judgment. (it) ‘The scientist cannot 
escape his quite human self. He is a “mass of pre- 
dilections,” and these predilections must inevitably 
influence all his activities—not excepting his scien- 
tific ones. These traditional arguments have neve1 
seemed entirely adequate, and the responses that 
some empirically oriented philosophers and some 
scientists have made to them have been telling. 
These responses have generally had the following 
import. 

If it is necessary to make a value decision to have 
a science before we can have one, then this decision 
is literally prescientific and has not, therefore, been 
shown to be any part of the procedures of science. 
Similarly, the decision that one problem is more 
worth while as a focus of attention than another 
is an extraproblematic decision and forms no part 
of the procedures involved in dealing with the prob- 
lem decided upon. Since it is these procedures that 
constitute the method of science, the value judg- 
ment has not thus been shown to be involved in the 
scientific method as such. 

With respect to the presence of our predilections 
in the laboratory, most empirically oriented philoso- 
phers and scientists agree that this is “unfortu- 
nately” the case; but, they hasten to add, if science 
is to progress toward objectivity, the influence of 
our personal feelings or biases on experimental re- 
sults must be minimized. We must try not to let 
our personal idiosyncrasies affect our scientific 
work. The perfect scientist—the scientist qua scien- 
tist—does not allow this kind of value judgment to 
influence his work. However much he may find 
doing so unavoidable, qua father, qua lover, qua 
member of society, gua grouch, when he does so he 
is not behaving qua scientist. Consequently, a logi- 
cal reconstruction of the scientific method would 
not need, on this account, to include a reference to 
the making of value judgments. From such consid- 
erations it would seem that the traditional argu- 
ments for the involvement of value judgments in 
science lack decisiveness. 

But I think a different and somewhat stronge: 
argument can be made. I assume that no analysis 
of what constitutes the method of science would be 
satisfactory unless it comprised some assertion to 
the effect that the scientist validates—that is, ac- 
cepts or rejects—hypotheses. But if this is so, then 
clearly the scientist does make value judgments. 
Since no scientific hypothesis is ever completely 
verified, in accepting a hypothesis on the basis of 
evidence, the scientist must make the decision that 
the evidence is sufficiently strong or that the proba- 
bility is sufficiently high to warrant the acceptance 
of the hypothesis. Obviously, our decision with re- 


gard to the evidence and how strong is ‘sty 


enough” is going to be a function of the im/..;/¢) 
in the typically ethical sense, of making a jist 
in accepting or rejecting the hypothesis. ‘| jus, ; 


if +} 
1 (hf 


take a crude but easily manageable example, | 
hypothesis under consideration stated that a toy 

ingredient of a drug was not present in lethal! quay. 
tity, then we would require a relatively high degre, 
of confirmation or confidence before accepting t) 

hypothesis—for the consequences of making a mj. 
take here are exceedingly grave by our moral stan¢ 
ards. In contrast, if our hypothesis stated that, 0; 
the basis of some sample, a certain lot of machine. 
stamped belt buckles was not defective, the degy 
of confidence we would require would be relatiy: 

lower. How sure we must be before we accept 

hypothesis depends on how serious a mistake woul: 
be. 

The examples I have chosen are from scienti! 
inferences in industrial quality control. But 
point is clearly quite general in application. | 
would be interesting and instructive, for examp! 
to know how high a degree of probability the Man- 
hattan Project scientists demanded for the hypoth 
sis that no uncontrollable pervasive chain reactio: 
would occur before they proceeded with the firs 
atomic bomb detonation or even first activated t! 
Chicago pile above a critical level. It would 
equally interesting and instructive to know li 
they decided that the chosen probability value 
one was chosen) was high enough rather than o1 
that was higher; on the other hand, it is conceivab 
that the problem, in this form, was not brought ' 
consciousness at all. 

In general, then, before we can accept an) 
pothesis, the value decision must be made in t 
light of the seriousness of a mistake, and the degr 
of probability must be high enough or the eviden 
must be sLTong ¢ nough to warrant its acc eptance 

Some empiricists, confronted with the foregoing 
considerations, agree that acceptance or reject 
of hypotheses essentially involves value judgments 
but they are nonetheless loathe to accept the cot 
clusion; instead they have denied the premise that 
it is the business of the scientist qua scientist | 
validate hypotheses or theories. ‘They have argu 
that the scientist’s task is only to determine t/ 
strength of the evidence for a hypothesis and not 
as scientist, to accept or reject the hypothesis 


if 


But a little reflection shows that the plausi! lity 


| 
cit 


of this as an objection is merely apparent. ‘Thi 
termination that the degree of confirmation is, sa) 
p or that the strength of the evidence is such an 
such, which is on this view the indispensable tas 


of the scientist qua scientist, is clearly nothing 10 


¥\ 
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the dominant religions over the intrusion of re- 
value considerations into the domain of 


}}@10US 


sclentih¢ 
cientists. The traditional search for objectivity ex- 
emplifies science’s pursuit of one of its most precious 


deals. For the scientist to close his eyes to the fact 
that scientific method intrinsically requires the 
making of value decisions, and for him to push out 
that 







ence is wholly understandable. Memories of 


flict, now 
«ill continuing, between science and, for example, 


the con 


{ his consciousness the fact 








them, can in no way bring him closer to the ideal 


cceptance, by the scientist, of the hy- 
of objectivity. To refuse to pay attention to the 


at the degree of confidence is p or that 


1 of the evidence ts such and such: and, value decisions that must be made, to make them 


nen have conceded, acceptance of hy- — intuitively, unconsciously, and haphazardly, is to 
oes require value decisions. leave an essential aspect of scientific method scien- 
major point | have tried to establish 1S tifically out ot control. 


What seems necessary (and no more than the 


sketchiest indications of the problem can be given 


is nothing less than a radical reworking of 


hen we are confronted with a first-order 
cience and methodology. ‘The positive hor- 
which most scientists and philosophers of 
view the intrusion of value considerations 


here 
the ideal of scientific objectivity. The naive concep- 
as one who is cold-blooded, 


tion of the scientist 


abated but to a certain extent ; ; ‘ 

emotionless, impersonal, and passive, mirroring the 

world perfectly in the highly polished lenses of his 
ae 


steel-rimmed glasses is no longer, if it ever was, 


inquiry are strong in many reflective adequate. ; 
What is proposed here is that objectivity for 
science lies at least in becoming precise about what 
value judgments are being made and might have 
been made in a given inquiry—-and, stated in the 
most challenging form, what value decisions ought 


he does make to be made. 
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The National Science Foundation 


The National Science Foundation, an independent Federal agency, has been charged 
with a number of responsibilities related to science. The first one mentioned in its es- 
tablishing Act of 1950 states: “to develop and encourage the pursuit of a national policy 
for the promotion of basic research and education in the sciences.” The next section, 
dealing with the support of basic research, stipulates that the Foundation is to “appraise 
the impact of research upon industrial development and upon the general welfare.” 

To carry out these injunctions, the Foundation must have a broad conception of sci- 
ence that will transcend particular periods of time, or special areas of geography, o1 
compartmentalized divisions of science. Above all, one must view science objectively, 
both in its historical perspective and in its social vision, as well as in its intrinsic phil 
osophic relatedness. In this connection, I am reminded of a statement by Julian Huxley 
that “science is not the disembodied sort of activity that some people would make out, 
engaged in the abstract task of pursuing universal truth, but a social function, intimately 
linked up with human history and human destiny.” 

The role of science in human history can best be approached by studying both the 
history of science in its impact upon society and the history of society in its impact upon 
science. In connection with the renaming of History and Philosophy Section (L.) of the 
AAAS in 1944, Henry Sigerist remarked: “Every situation in which we find ourselves 
is always the result of definite historical developments and trends of which we, as a 
rule, are unaware.” Science itself has a past in which lurk shady and shadowy human 
factors. It is important that we examine the validation of scientific theories in terms 
of their philosophic and sociologic matrices. 

The National Science Foundation is pleased that it could join the American Acad- 
emy of Arts and Sciences and the Institute for the Unity of Science in cosponsoring 
the Conference on the Validation of Scientific Theories. It was particularly pleasing to 
have the first session form part of the program of AAAS Section L. 

We all feel that the success of the conference can be measured largely by the stimu 


lated growth afforded the participants by the interdisciplinary vistas that have been 
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International Cooperation to 


Improve World Agriculture 


RALPH W. PHILLIPS 


Dr. Phillips is deputy director of the Agriculture Division of the Food and 
culture Organization of the United Nations, Viale delle Terme di Caracal 
Rome, Italy. He received his training at Berea College and the Universit 
Missouri. In 1952, he was awarded an honorary D.Sc. degree by Berea ( 
lege. Dr. Phillips served on the staffs of the University of Massachusetts a 
Utah State Agricultural College, where he was head of the Animal Husband 
Department, and the U.S. Bureau of Animal Industry, where he was in char, 
of genetics investigations. For 8 years he served as founding editor of the Journ 
of Animal Science. During 1943 and early 1944, he served in the U.S. Depar. 
ment of State as an adviser on food production problems to the government 
of China and India. Dr. Phillips has been a member of the FAO staff sine 
December 1946, first as chief of the Animal Production Branch of the Ag 
ture Division and, since May 1949, in his present position 


GRICULTURE has undergone remarkable 
changes in the more highly developed 
countries during the last half-century. De- 

velopments in agricultural research have provided 
a sound basis for the application of agricultural 
science, or the group of sciences of which it is 
composed, in farm practice. Scientists from many 
disciplines have worked side by side in carrying 
forward this research. Extension workers have car- 
ried the new information thus obtained to farmers. 
The rapid progress that has been achieved would 
have been impossible without this teamwork. 

A new type of teamwork has now emerged 
teamwork among nations—in an effort to bring 
the benefits of agricultural science to an increasing 
number of the farmers of the world. Seventy-one 
nations are banded together as members of the 
Food and Agriculture Organization of the United 
Nations (FAQ) and are working as a team to 
achieve this objective. 

Cooperation between two countries, or among 
limited groups of countries, to improve agricul- 
tural production and rural well-being is not new. 
A substantial group of countries had banded to- 
gether in the former International Institute of 
Agriculture absorbed by FAO) to 
cooperate in the collection of statistics and ex- 
change of other information. But international co- 
operation on the scale found in FAO, and includ- 
ing extensive intergovernmental consultation and 
action, as well as the exchange of information, is 


(which was 
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something new in the kingdoms of Ceres and Pan 
and in a situation where populations threaten | 
outstrip food supplies (and, in some. situations 
water supplies), this universal effort to strengthe: 
scientific research in agriculture and to bring th 
results of that research to farmers in every land 

of concern not only to all scientists but also to al 
peoples. 

This article is designed to set forth briefly t! 
answers to three questions: What is FAO? How 
does the Organization carry out its work for t! 
benefit of its member countries? What has it a 
complished to improve world agriculture? 


Organization of FAO 

The FAO idea had its beginning at Hot Springs 
Va., in May 1943. President Franklin D. Roosevel 
had invited many countries to join in a discussio1 
of world food and agricultural problems, and 
this conference the idea of a permanent worl 
organization to deal with these problems was crys- 
tallized and an interim commission was established 
The Organization came into existence formally al 
the first session of the FAO conference in Quebe: 
in Oct. 1945, when the representatives of 32 coun- 
tries signed the constitution. 

The manner in which member countries hav 
banded together and established an organizatio! 
to assist in the solution of their agricultural prob- 
easily by an ex 


The by 


lems may be understood more 


amination of the chart in Fig. 1. me! 
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of which there are now 71, govern the 
tion through the conference, which meets 
iennially. ‘The conference, in turn, delegates 


tain functions to a council, composed of 24 






certa 

member countries, during the intervals between 
conferences. The conference also selects the direc- 
wr-cencral of the Organization, who functions as 
sexecutive head. This post is now occupied by P. 
V. ( on (Fig. 2) who was formerly research ad- 


ministrator in the U.S. Department of Agriculture. 
Under the director-general, the staff, which he 
appoints, 1s grouped in five technical divisions to 


nd A plan and carry out the program of work which 
Ry the conference approves. In subsequent sections 
end of this article, reference is made only to the work 
setts and Hof the Agriculture Division, although much of 


usband) what is reported on methods of work and other 


+7] har r ' . ° ‘ 
gen general organizational matters applies also to other 


Journ A _ . . 
portions of the Organization. 






De part. 
rnmen The conference determines the annual budget 
aff sin of the Organization and the percentage of the 
Agric total budget that each member country shall con- 
tribute. The annual budget has averaged approxi- 
mately 5 million dollars since the Organization 
Rag . ‘ 
d Pan: Mf was established and was increased by the seventh 
ten t ; en, : ° . ° 
sca session of the conference to approximately 6 mil- 
lations lion annually for 1954 and 1955. These funds are 
ngther 
ng the FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS 
composed of 71 countries which adhere to its constitution, 
land rticipate in its program, and contribute directly to its supoprt 
to al 
FAO CONFERENCE 
Hy t! posed of delegates from each of the 71 member countries 
biennially to fix the budget, approve the program of work 
Hoy and determine other policy matters 
or tl 
It a FAO COUNCHI 
mposed of 24 member countries elected by conference, 
delegates of which meet periodically between 
conferences to determine policy matters that 
cannot await conference action and to keep 
under review the state of the world’s 
' food and agriculture 
rings | 
sevelt } 
= DIRECTOR-GENERAL 
ISS1ON elected by conference as exectilive 
id it head of FAO; is assisted by 
is a deputy director-general 
vorld | 
CTYs- 
| 
shed AGRICULTURE ECONOMICS — FISHERIES FORESTRY NUTRITION 
ly a DIVISTON DIVISION DIVISION DIVISION DIVISION 
i | , } 
ebec 
oun PROGRAM OF WORK 
including 
regular program and the expanded technical assistance program, 
is subject-matter portions of both programs being carried out by the 
Lave propriate technical divisions, listed above, and serviced by the 


nistrative services and the informational and educational services 
programs are carried out in close cooperation with, and for the 
direct benefit of, the member countries of FAO 


: the Food and Agriculture Organization of the United 
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Fig The organizational structure, in broad outline, 


























Cardon, who is now serving as the third 
The first director-general was 
Sir John Orr (now Lord Boyd Orr), and the second was 
Norris E. Dodd, who had served earlier as U.S. Under- 
Secretary of Agriculture 


2. Fs V. 
director-general of FAO. 


Fig. 



















paid by governments direct to the Organization, 
usually in U.S. dollars or Italian lira. 

The Organization also shares with 
members of the United Nations family of agencies 
UN, WHO, UNESCO, ILO, WMO, ICAO, and 
ITU 
assistance program. This program is coordinated 
by a technical assistance board, in which each of 
the agencies participates with equal status. Funds 







other 






most 







in the operation of an expanded technical 








for this program are appropriated by interested 






governments on a voluntary basis and are used by 






the various agencies for direct technical assistance 





to countries in accordance with a percentage divi- 






sion of funds agreed upon by the Economic and 
Social Council. The share allotted to FAO is cur- 
rently 28 percent, and in 1953 this amounted to 
about $6,200,000. These funds, which come to the 
Organization indirectly, are payable in the cur- 
countries. In many 
limitations on their 
the manner in which 
contributions were re- 











rencies of the contributing 





these currencies have 





cases, 
convertibility, thus limiting 
they may be used. In 1953, 






ceived in 34 currencies. 
The headquarters phases of the FAO expanded 


technical assistance program are closely integrated 









with the regular program, while special temporary 






staff members are recruited to carry out field as- 





signments in countries that have requested assist- 
ance and have signed agreements with FAO for 
the provision of assistance. Some direct advisory 
the 
regular program, but the funds available for this 


assistance to countries is provided unde 


purpose in the regular budget are limited 
FAQ is in Italy 


and regional offices are maintained in 


The headquarters of Rome, 
Fig. 5 
Sanekok, ‘Vhailand, for Asia and the Far East, in 
Cairo, Egypt, for the Near East, and in Washing- 
ton, D.C., for the United States and Canada; sub- 
regional offices are maintained in Rio de Janeiro, 
Brazil, Mexico City, and Santiago, Chile, for Latin 
America. The Organization has three official lan- 
guages—English, French, and Spanish. 
Methods Used by FAO to Assist Its 
Membex Countries 


The methods used by any organization must, of 
course, be in harmony with the terms of reference 
of that organization and at the same time provide 
effective means of carrying forward its work. An 
international agency that exists to assist its member 
eovernments, such as FAO, must select methods 
that take into account the fact that the Organiza- 
tion has no sovereignty over these governments. 
It must be borne in mind, for example, that FAO 
owns no land on which it produces food, neither 
does it have any political control over, or direct 
advisory contacts with, farmers whereby it can in- 
fluence the manner in which the farmers utilize 
their lands and market their products. Likewise, 


Fig. 3 


a cafeteria-restaurant occupies the top floor 
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FAO headquarters building in Rome. The low building in the foreground houses the conference facilitie 
library, and one technical division. The remainder of the headquarters staff is housed in the building in the rear 


laboratories in 


FAO does 


carries out research or in which it produc: 


not own any ich jt 
requ: 
sites for improving agricultural producti: 


Neither does FA‘ 


or control any agricultural schools or col 


suc 


as vaccines or insecticides ) ow 


Yes tr 


which it trains agricultural workers and_ leaders 


All such activities, as well as others aimed at in 


proving the efhciency and total output of agricy. 


tural production within countries, are the 1 sponsi- 


the those 


the methods selected by an international 


bilities of governments of countries 
Hence, 
organization must assist the governments in carry. 
ing out their own functions most effectively, and 
the organization cannot in any way replace th 
governments in carrying out these functions 
The methods that FAO uses to assist its mem- 
ber governments in improving their agriculture 


are designed to meet the conditions described 


‘They are: 
1) Holding 


regional basis, but sometimes on a worldwide basis 


technical meetings, usually on 


in which delegates from countries exchange jn- 


formation and ideas and arrange for coordinate 


action on problems of common concern 


2) Sending survey missions to study the needs 


} 


ind { 


of countries that may request such assistance a 
propose programs for agricultural development 

3) Sending individual experts or groups of 
perts to countries for periods of varying lengths 
advise and assist the governments in planning a1 
carrying forward technical projects 

] 
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1) Providing limited amounts of technica 
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on 
e basis. 
ge in- “ a 3 
linated asl = 
Ae 
needs 
and t 
nt 
Ol ey : : 
a lies, equipment, and literature to enable experts 
ie serving in countries to carry forward their advisory 
e wctivities in an effective manner, particularly by 
‘ supplying specialized items that are not readily 





vailable in the countries concerned 





)) Holding training centers for single countries 





or for groups of countries that have common in- 





terests in order to impart knowledge of specific 





techniques to trainees who will use them to carry 





lorward specific agricultural development projects 





6) Providing fellowships for study outside the 





home countries as a means of training the tech- 





niclans and technical leaders who are needed to 





carry forward projects on which advisory assistance 





has been, or is being, given by experts 
Preparing and publishing documents con- 






taining summaries of new technical findings and 





other materials for the guidance of member coun- 





tries, particularly in planning and implementing 





projects for economic development 





8) Maintainine contacts with the agricultural 






members and correspondence to obtain informa- 





on on their problems and to supply information 





lvice where requested 





technical 





Organizing permanent 
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FAO is advising the government of Pakistan on the development of an irrigation scheme in East Bengal. Here 
two FAO experts, from the Netherlands and the United States, go over the plans with a Pakistan official 


leaders in member countries through visits by staff 


by rclies, as 


f FAO, to provide continuing mechanisms 



























for consultation among countries that have com- 
mon problems and for implementation of coopera- 
tive action programs to which these countries may 
agree 

10) Assisting 
formalizing conventions that may be required to 


governments in preparing and 
lay the basis for common action as, for example, 
in the control of plant pests and diseases 

These methods provide a great deal of flexibility, 
vet contorm to the Organization’s terms of reter- 
ence. In actual practice, the various methods are 
interrelated, and it is often necessary to use a num- 
ber of these methods in dealing with any particulat 
problem or set of problems, in order to achieve the 
most satisfactory results. Some examples of the 
manner in which each method has been applied 
in the agricultural program of FAO and an in- 
dication of some of the interrelationships are pre- 


sented in the followine section 


Progress in Assisting Member Countries 
to Improve Their Agriculture 


Phe small staff that made up the Avriculture 
Division ol FAQ in Its beevinnineg Wiis brought to 
vether in Dee 1946. Much has been done in the 


yr and some months that have elapsed. [t is pos 


to mention here only a tew ol the accom- 


sible 















Fig. 5. 
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An FAO expert from the United States has been advising Saudi Arabia on the improvement of processing 


of dates; as a result dates are now being prepared for sale in modern packages, primarily to pilgrims to that count: 
Che first packaged dates actually exported from Saudi Arabia are shown here being presented by the author (right 
to the former director-general of FAO, Norris E. Dodd, who served in that capacity from mid-1948 to the beginnir 


of 1954 


plishments in the field of agriculture as examples 
of the kind of work undertaken and the methods 
used, ‘These examples are given in the same se- 
quence as the listing of methods in the previous 
section. 

International and regional technical meetings 
have been held to deal with many subjects in the 
agricultural field. One of these dealt with the pro- 
duction and field use of vaccines for the control 
of rinderpest, the most serious plague of cattle in 
the world. ‘This meeting, held in Nairobi, Kenya, 
in 1948, brought information on newly developed 
techniques arising out of wartime and immediately 
postwar efforts to many countries, and provided 
the stimulus for further research and for the de- 
velopment of vaccine production and field con- 
trol programs in several countries in Africa, the 
Near East, and Asia and the Far East. 

Another 


Italy, in 


technical meeting, held in 
1947, 
European countries on the possibilities of using 
hybrid corn and resulted in a coordinated effort 
United 


Jergamo, 


provided information to many 


for the testing of States and Canadian 


hybrids for adaptability to various European con- 
‘This 


ditions, meeting has been followed by six 
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more at approximately annual intervals, the la 
being held in Belgrade, Yugoslavia, in Feb. 195 
to review the results of each year’s work in tl 

various countries and to plan tests for the next 
year. These meetings provided not only a gre: 
deal of suumulus for the use of hyrid corn in Europ 
and the Mediterranean area but also resulted 1 
a coordinated testing program that provided 

sound basis for a development program. As a Te: 
sult of follow-up action by governments, hybri 
corn is already making a substantial contributior 
to increased food production in these regions. Fo 
the year 1952, it was estimated that the increas 
in yields from the use of hydrid corn amountet 
to approximately 273,000 tons valued at 24 millio 
dollars. 

In addition to the technical meetings, the project 
on hybrid corn has also included other types 0! 
activities, such as visits to countries by specialists 
supplying experimental seed, and issuing publica- 
Thes 


will be referred to later, but it should be porter 


tions to summarize the results obtained. 
out here that this project is a good example ¢ 
the type ot thine that an international organizati 
must select for inclusion in its program of wot! 
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anization’s activity has been essentially 
catalyst, and the real work has been carried 
he member countries. This catalytic func- 
the hybrid corn project during the period 
to the end of 1952 has cost the Organ- 
vation a total of approximately $40,000. The 
in production resulting from the introduc- 
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tion of hybrid corn in the 1952 season was approxi- 
Bmnately 600 times this cost. Even so, hybrid corn 
Bad been introduced on only about 4 percent of 
the corn-growing area of Europe in 1952. Thus, 
the project is a type that gives large returns as 
a result of action by the countries themselves, yet 
it is low in cost to the Organization. The project 
is now being reorganized to place the major em- 
phasis on the development of inbred lines for pro- 
Bducing hybrid seed in Europe and, thus, avoid the 
cost of importing seed each year. 

Survey and planning missions have been sent to 
Greece, Poland (before Poland withdrew from 
PFAO 
Pcountries in planning their over-all agricultural 
hdevelopment. In addition, more limited specialized 
| missions have been sent to a few countries to carry 


Thailand, and Nicaragua to assist these 


out surveys, and FAO has cooperated with the In- 


ye essing HF ternational Bank for Reconstruction and Develop- 
it Country ° ° e ° ° ° e 
or (righ ment in several planning missions, including mis- 


beginning J sions to Uruguay, Ceylon, and Iraq, and with 
the las 
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Olnited Fe j g* Sask 
ple ol Fig Many of the world’s farmers still use small hand 
ization fm (CCS and implements to carry out most of their agricul- 
, f » ‘ural operations. Here an FAO expert from Switzerland 
Worh ustructs an Afghan farmer in the sharpening of a scythe 
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An FAO expert from the United Kingdom ob- 
serves Ethiopian workers in the preparation of hides in 
connection with his advisory work aimed at improving 


Fig. 7. 


the flaying, curing, and tanning of hides and skins ir 


Ethiopia 


several other international agencies in a mission to 
Somaliland. This is not a complete listing, but it 
indicates the general scope of this phase of FAO’s 
activities. 

Some experts have been sent to member coun- 
tries under the regular program, mostly for short 
periods, to advise on technical problems. In addi- 
tion, a total of 68 experts served for the equivalent 
of about 55 man-years in nine member countries 
that were eligibie for assistance under a special 
fund supplied to FAO by the United Nations Re- 
UNRRA 
at the time that this temporary agency was com- 


pleting its activities. However, most of the experts 


lief and Rehabilitation Administration 


sent to member countries on advisory assignments 
have been supplied under the expanded technical 
1953 a 
total of 279 agricultural experts had completed 
assignments in countries under this program, which 
was initiated late in 1950. Some of them served 
only short-term assignments ranging from a few 


assistance program, and at the end of Dec. 


weeks to 6 mo each, but the majority served for 
periods of 1 yr or longer. Also, at the end of Dec 
1953, approximately 150 agricultural experts were 
serving on assignments in 34 countries. These ex 
perts were recruited from many countries and have 
wide 


problems in animal production, plant production 


dealt with, or are dealing with. a variety of 
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and land and water use fields. They are also work- 
ing on projects aimed at improving government ser- 
vices for research and extension, facilities for agri- 
cultural cooperatives and credit, and improvement 
in processing agricultural products. A few examples 
of the advisory work of these experts are illustrated 
in Figs. 4-9. 

In renderine advisory assistance, advantage has 
been taken of many opportunities to coordinate 
FAO activities with those of bilateral programs 
being operated in cooperation with the same 
countries by the United States Point 
IV (the former TCA), MSA, pro- 


erams, which are now combined under the Foreign 


under its 
and other 
Operations Administration; by the British Com- 
monwealth under the Colombo Plan; and _ by 
other countries. FAO activities have also been co- 
ordinated with those of other agencies, such as the 
Organization of American States. The objective of 
this coordination is to avoid overlapping and _ to 
insure that such activities supplement one another 
in order to promote the development of the coun- 
tries receiving assistance. 

FAO is not intended to be a supply agency and 
has no special funds for this purpose. However, 


under the expanded technical assistance program 
and to a very limited extent, under the special fund 


Fig. 8 


transferred from UNRRA, some equipm nt. < 
plies, and literature have been provided t 
ments in conjunction with advisory assistance a 
have included items not readily available jp ; 
country. The main purpose in supplying 
equipment and supplies is to enable the expen 
serving in countries to get on with their work 
rapidly and as effectively as possible. Fon examp 
in order to carry out a rinderpest-control progry 
with modern vaccines, rather elaborate freeze-dp, 
ing equipment is necessary, and this particular ty 
of equipment has already been supplied to seve 
countries where advisory assistance is being iy; 
on rinderpest control (Fig. 10). Another exam 
of supplies provided to implement a project is t 
hybrid seed corn proy ided in connection with 
European hybrid corn project mentioned in {i 
going paragraphs. The seed supplied has gener; 
been for use on experiment stations, but wi 
countries required larger amounts for actual plat 
ing by farmers, it was either purchased directh 
the government concerned or secured throug! 
bilateral aid program, such as that carried out 
the United States through the former ECA 
later MSA (now incorporated into the U.S. I 
eign Operations Administration 

A number of training centers have been hel 


? ; 





The work on control of rinderpest, like other activities of FAO, is designed to enable the nationals of 


tries to take over the activities as quickly as possible. Here an Afghan worker, who was trained by FAO experts, 


shown vaccinating cattle in a village 
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en hel Fig. 9. An FAO expert from the Philippines served for a year in Thailand to assist the government in improving 
wf 1€ 1d ; ‘ one 
techniques of poultry production under tropical conditions existing in that country 


to a few European countries under the special fund 


UNRRA. ‘The effort at 


training promising workers has been made 


various parts of the world, and plans are unde 


wav for additional ones. Two of these training cen- transferred from main 


; ters were held recently in India, one on ric e breed- under 


ling (Fig. 11) and one on the use of fertilizers to the expanded technical assistance program, and, at 


the end of Dec. 1953, 110 agricultural fellowships 


. increase rice production; they were held for the ben- 


efit of all countries participating in the FAO Inter- had been completed, and 82 additional fellow- 


national Rice Commission. Nine such training cen- ships on agricultural subjects had been initi- 


ters have been held by FAO under the expanded 
} technical assistance program, and the Organization 


ated. These fellowships are not for formal univer- 
sity study aimed at securing a deeree but rather are 


| has participated in five centers organized by other aimed at providing specialized training and experi 


agencies on agricultural subjects to provide train- ence in some limited technical phase of the work 
ing for workers from some of the less developed upon which advisory assistance is being given to a 


countries. In the nine FAO centers, training was country, so that the trainee may return to his own 


given to 250 trainees. In addition to these short- country and take an active part in the project con 
term training centers, FAO has cooperated by pro- — cerned 
[wo major series of agricultural Pp tblications are 


viding experts to give instruction on agricultural 
issued by FAO. One of these, called “Agricultural 


subjects in two of the so-called fundamental edu- 





of cou! 
xp rts, 
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training centers that are operated by 
UNESCO on a relatively long-term basis for the 


benefit of the Latin American and Near East re- 


cation 


vions, and in three other such centers operated fo1 
the benefit of single countries, namely, Ceylon, Li- 


beria, and Thailand. 

No fellowships have been provided under the 
a ir program owine to lack of funds tor the ce 
velopment of an effective fellowship program, and 

i limited number of fellowships was provided 
) ber, 1954 





Studies,” includes monographs that contain up-to- 


date summaries of information in fields that are 
important to a large number of FAO’s member 


hey 


more highly trained technical leaders in these coun 


countries. are designed for the use of the 


tries. ‘'wenty-seven of these monographs had been 


issued at the end of 1953. Publications in a second 
series, called “Development Papers,’ are written 
for the policy-making officials in member countries, 
particularly the less developed countries. ‘They con- 

lb 








Fig. 10. In its program to improve the control of rinder- 
pest, FAO has supplied modern freeze-drying equipment 
to several countries in order to enable them to produce 
modern vaccine. Here an FAO expert from Australia 
demonstrates to a Burmese veterinarian the proper method 
of operating the freeze-drying equipment. 

tain information on subjects upon which action is 
necessary to increase agricultural production and 
in which FAO is attempting to assist its member 
countries. Forty-two of these papers had been is- 
sued at the end of 1953. Reports of some of the 


more important technical meetings are included in 
this “Development Paper” series as a means of 


bringing new information and/or plans for coordi- 
nated action before the agricultural leaders in 
member countries. 

The FAO Plant Protection Bulletin is published 
at monthly intervals as a service to member coun- 
tries under an International Plant Protection Con- 
vention. The purpose of this bulletin is to bring 
quickly to governments information on new out- 
breaks of plant pests and diseases, on steps govern- 
ments are taking to improve their plant-protection 
services, and on new quarantine regulations affect- 
ing the movement of plant materials between coun- 
tries. In addition, many informal working papers 
are prepared for use in technical meetings or for 
direct distribution to governments. Among these, 
special mention should be made of catalogs of ge- 
netic stocks of rice and wheat, which make available 
to breeders in all countries information on sources 
of breeding materials carrying specific characteris- 
tics that they may need in their experimental work. 
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Professional staff members of the Agriculyy 
Division, employed under both the regular and » 
panded technical assistance programs and station, 
at headquarters in Rome and at regional 
now include 60 workers from 20 countries. 
staff of the Organization as a whole, there 
rently nationals of 50 countries.) These 
are in regular touch with many technical 


their several subject-matter fields, and by thi 
means they give a great deal of useful informatio 
and advice to workers in FAO’s member countri« 
They are also in regular touch with experts serviry 
in member countries under the expanded technic 
assistance program, and through them _provi¢ 
countries with much information and advice. They 
staff members also prepare replies to the many off 
cial letters received from governments requestix 
information on various agricultural problems. The 
also participate in the handling of a large voluny 
of correspondence that is required in the operatioy 
of other aspects of the Organization’s program ¢ 
work. This requires a substantial amount of staf 
time, owing not only to the wide variety of wor 
under way, but also to the exacting protocol re. 
quirements of correspondence at the internation 


level 


at 


Fig. 11. Trainees at an FAO-sponsored training cente! 
on rice breeding listen to an explanation of how hybrid 
zation is being used in producing new strains. The t 
ing center was held at the Central Rice Research Institut 
at Cuttack, India, and trainees were present from 
countries, 
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Fig. 12. 
Some of the experimental plants are shown here. 


Intercountry cooperation on agricultural prob- 


F lems is planned and implemented through FAO by 


‘organizing activities that fall essentially into fow 


types and are of a more or less continuing nature. 
One of these has already been mentioned unde 
technical meetings, where reference was made to a 
series of meetings on hybrid corn in the European 
ind Mediterranean area. No formal organization 
has been developed, and the representatives of 
countries meet annually on the invitation of the 
director-general of FAO to review the work of the 
past year, and to plan the next year’s activities. In 
other instances, more formal arrangements have 
been made, which are of three different types. 
These three types differ both in the extent to which 
a formal organization is developed as an arm of 
FAO and in the method of financing. 

A Working Party on Mediterranean Pasture and 
Fodder Development is an example of a less formal 
organization. Each of the participating govern- 
ments is Invited by the director-general of FAO to 
desienate an officer as a permanent member of the 
Working Party. This officer then represents the 
sovernment in technical meetings of the Working 


mber, 1954 


A rice hybridization project is being carried out cooperatively by member countries of 
tional Rice Commission, and the hybridization work is being done at the Rice Research Institute 


Interna- 


India 


the FAO 
at Cuttack 


Party and is the contact point for planning and ex- 
change of information with the FAO staff and with 
members of the Working Party in other countries. 

An example of a more formal type of organiza- 
tion FAO 
Work aimed at the improvement of rice production 


is the International Rice Commission 
and utilization is carried out to a considerable de- 
gree under this commission, which is made up of 
25 member countries of FAO to which rice is an 
important crop. [he commission meets at intervals 
ot 2 
countries and to decide upon programs of action 


It has established a Working Party on Fertilizers 


yr to discuss the over-all problems facing the 


and a Working Party on Rice Breeding in which 
experts from the member countries meet annually 
to consider technical problems and to recommend 
action to the commission. Costs of participation by 
vovernments in these meetings is borne by those 
governments, and FAO staff costs are borne by the 
Organization, as is the case with other technical 
meetings. In addition, the constitution of the com 
mission provides for the carrying out of special 
projects, which all or a part of the governments 


may agree to finance on a cooperative basis. One 





example of action being carried out, and to which — efit of 71 member countrics indicates how «oun 
a number of governments have made special con- have joined together to deal with a probley 
tributions, is a rice hybridization program in an ef- common, world-wide concern—the production 
fort to combine desirable traits of the Japonica and enough food for all and the improvement of , 
Indica groups of rices (Fig. 12 well-being. The equally brief descriptions of 

A further type of organization may be illustrated accomplished, which include only examples to 
by the FAO European Foot and Mouth Disease dicate what is being done in the broad field of a 
Commission which has now been formed. It differs  riculture, indicate that it.is possible to take eff 
organizationally from the International Rice Com-_ tive international action in this field and 
mission primarily in that the operational costs are countries are cooperating in their attempts to , 
borne entirely by the participating countries with many common problems. 


through special contributions to a trust fund, which It is too early to evaluate fully the effectivene, 
is administered by FAO. of the efforts of FAO in the field of agricul 
FAO has sponsored only one international con- ‘The Organization has yet to reach its 10th bir 
vention in the agricultural field. This is the Inter- | day; and all the efforts in any program to impr 
national Plant Protection Convention to which ref- agriculture cannot be expected to result in ung 


erence was made in connection with the Plant — ified success. This is even more true in internatio; 
Protection Bulletin. This convention was approved than in national and state programs because of 1 
by the FAO Conference in its sixth session, 1951, additional political, social, and other differer 


and 19 countries have now adhered to it. In addi- that must be reconciled before a technical pro 
tion, FAO is custodian of five conventions, devel- can go forward effectively. Also, improvements 
oped by the former International Institute of Agri- agriculture come about gradually, even in hig 


culture, on locust control, marking of eggs in developed countries, and progress is inevital 
international commerce, standardization of meth- much slower in countries that have few facilities { 
ods of cheese analysis, standardization of meth- research and extension. Even so, there are cleat 
ods of analyzing wines, and standardization of dications that the member countries are using 
methods of keeping and utilizing herd books. Organization to an increasing, and reasonably « 
This brief description of the manner in which _ fective, degree as a source of advice on techni 
the Food and Agriculture Organization of the problems and as a channel through which to 
United Nations was formed and the way in which — range for intercountry cooperation on agricultu 


it is organized and carries out its work for the ben- — problems. 


SPW 





The Search for Unity 


If we are to have a durable peace . . . if out of the wreckage of the present a new 
kind of cooperative life is to be built on a global scale, the part that science and ad 
vancing knowedge will play must not be overlooked. For although wars and economi 
rivalries may for longer or shorter periods isolate nations and split them up into sep- 
arate units, the process is never complete because the intellectual life of the world, as 
far as science and learning are concerned, is definitely internationalized, and whether 
we wish it or not an indelible pattern of unity has been woven into the society of man- 
kind. .. . In peace as in war we are all of us the beneficiaries of contributions to knowl- 
edge made by every nation in the world. . . . The best that every individual or group 
has produced anywhere in the world has always been available to serve the race of 
men, regardless of nation or color. . Whether it is mathematics or chemistry, whether 
it is bridges or automobiles or a new device for making cotton cloth or a evelotron for 
studying atomic structure, ideas cannot be hedged in behind geographic barriers. 
The fundamental unity of civilization is the unity of its intellectual life-—-Raymonp B. 


Fospick. 
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he Trouble with Science 


OUTSES 


BRUCE STEWAR1 


The author, who is an associate professor in the biology department of Missouri 
Valley College, Marshall, Missouri, has been experimenting with foundation 


courses in physical and biological science for the past 3 years 


He has for 


many 


years been interested in the interrelationships of the natural and social sciences 


Conventional instruction in science has given 
scant consideration to the relation of the work of 
the scientist to the social order of which if is such 
an important feature. In fact, scientists, like their 
fellow men in other walks of life, have only recently 
become conscious of the fact that ours is a science- 
centered culture, a civilization in which a technol 
ogy based on science has shaped our lives and out 
thinking, often in subtle and unobserved ways. 


| ] McGrath. 


ERY few people, and practically no scien- 

tists, question the desirability of exposing 

students in secondary and higher education 
to the subject of science. Considering the way in 
which science has revolutionized the material world, 
it would be difficult to rationalize any serious argu- 
ments against the development of such an acquaint- 
ance, 

here is, unfortunately, much less accord on how 
this is to be done or what aspects of the subject are 
most important. To help in deciding on these 
points, we must be clear about all the things we 
are trying to accomplish. After identifying these, 
we can come to some definite conclusions on what 
is needed. 

Since most students will not become scientists 
and do not have the time, ability, and interest to 
specialize, it has long been educational practice to 
provide general-science courses to meet this need. 
hese courses first appeared in the intermediate 
rades and worked their way up to the college level. 

\n attack was made against survey courses as 
superficial and routine memory work without lab- 
oratory training. Consequently, when the general 
education program came into being, it attempted, 

nany cases, to establish “foundations” or “basic’ 
courses in physical and biological sciences with 

ciated laboratory work. 
omplaints were soon forthcoming, primarily 
from scientists. about this arrangement. The charge 
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heard most often was that these courses did not 
instill any real appreciation of the methods and 
development of science but were merely dressed-up 
memory routines, with equally stale laboratory par- 
rot-work in which cookbook recipes were rehashed 
and the spirit of discovery was massacred. 

Some schools tried to adapt physics (or other 
courses for this vital function, using the historical 
approach and correlating reading and laboratory 
work with the great discoveries made in the past. 
1) called this the “block-and-gap” 
method, in which integrated “blocks” of discoveries 


One such effort 


from the various physical sciences could be investi- 
gated thoroughly and ingeniously. This program 
centered around physics and left most scientific 
(the completely unexplered. 


knowledge “gaps” ) 


A Problem and Its Present Alternatives 

In consideration of the mountains of knowledge 
in each of the many sciences and the limited time 
that the average curriculum and student have to 
spend on these subjects, it is an inescapable con- 
clusion that a choice must be made: The training 
must either hit most of the high points briefly and 
simply or become intensive in selected cases, leaving 
the rest as vacuum. 

On behalf of the block-and-gap method, it may 
be said that the methodology has a better chance 
of assuming real meaning and significance. It pro- 
vides an opportunity to understand what really 
happened in the past and to recapture the times, 
even if such a tiny segment is used. 

Against these advantages may be placed a serious 
shortcoming. The gaps are so profound that the 
student can hardly be considered to have a working 
knowledge however elementary of science as a 
whole: and, as far as content is concerned, he can 
be regarded as educationally lopsided. 

Before condemning extensive treatment, it would 


be well to inquire whether a person should have 
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some idea of what he is seeing when he looks at the 
earth, the sky, and the many functions of the hu- 
man body. Should chemical formulas be resigned 
to complete gibberish? Should all the physical 
phenomena of daily life not included in the inten 
sive “blocks” be relegated to utter darkness? 

Time is required, not just for the learning of 
material, but also for its integration. It is a fairly 
simple process when restricted to a limited number 
of blocks; however, the time necessary for integra- 
tion mounts almost geometrically with the increase 
in concepts introduced. Any expectation of a thor- 
ough interrelating of concepts in the latter case 
must remain a false hope. 

For 5 years, I have taught two foundations 
courses, one in physical science, the other in biologi- 
cal science, for college freshmen and sophomores. 
The outline prepared was restricted to the outstand- 
ing concepts (in my opinion) and those most likely 
to be encountered by the average person. Covering 
this ground in the allotted time was a feat in itself 
for classes almost totally ignorant on the subjects. 
A complaint was made by an educationalist that 
not enough time was given to integration. 

With this it was easy to agree, but before one can 
undertake integration he must have something to 
integrate and sufficient apperceptive mass to make 
it real. A good deal of integration was achieved by 
careful construction of the sequence of material, so 
that there was a pyramiding effect and what had 
gone before was often essential to the understanding 
of the present. Some interrelationships were also 
brought out directly. 

Thus we come to one of my main conclusions: 
There is nothing wrong with a science course whose 
avowed function is (in part) to provide a necessary 
background of usable fact unless it is assumed (1) 
that the training has to stop with this, (ii) that 

necessarily teach “the — scientific 
that integration is given a real 
(iv) that the associated laboratory 


such courses 
method,” (iii 
chance, and 
work is truly “experimental.” 

In other words, there are many functions that a 
truly adequate science training should serve, a mini- 
mum working factual background being only one 
of them, but one not to be underrated or overrated. 
There is, of course, no reason why historical treat- 
ment, techniques, or other aspects of science train- 
ing cannot be combined with information. 

An interesting piece of work is reported by Krug- 
lak (2), who begins by observing that the thought 
processes used by scientists in solving problems have 
been sadly mangled and stereotyped by the writers 
of science textbooks and workbooks. He gives illus- 


trations to show how teaching methods are anti- 
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thetical to the spirit of the subject they aio ty 
to teach. Finally, he alludes to the use of 1: Orat 
work that requires the student to think his y 
through novel and thought-demanding pyoble, 
involving the subject matter. 

Other endeavors with different combinations », 
emphases ¢ ould be considered, but all of the WoL 
Wh 
things should training in science do for the yp, 


leave us with the same questions. The first i 


scientist? After deciding this and taking into x. 
count the time available, then: Which of thes 


aims is most important? Or, more probably, wha 
combination of them is best? 


A Classification of Objectives 

It would appear that we can classify all objectiy 
of nontechnical science training into five categorie 
Each will be discussed briefly but not necessarily j 
the order of their importance. Also, it must be en: 
phasized that such separate consideration does no: 
mean that they should be taught in isolation. 

1) Appreciating the development of science. T! 
development of an appreciation of how scien 
came to be is an important objective. The treat. 
ment is cultural and historical in nature, being a 
effort to recapture the spirit and circumstances 
the epochal discoveries of the past. With the block. 
and-gap method, a selected series of related con: 
cepts are followed out. Otherwise, there is a run. 
ning account of the whole story. 

When laboratory work is used, there is general 
an effort to duplicate the historical sequence an 
tie it in with the classroom account. Technique 
and attitudes may readily be drawn into this them 
even though it may be objected that repeating a: 
experiment about which the students have just rea 
is not entirely new. 

2) Building up information. Since an immens 
amount of time would be required to duplicat 
science history operationally, the majority of text: 
books, in an effort to cover the whole field, treat 





science as a routine learning process. A variety 0! 
organizations are used, but main concepts are ex- 
plained, illustrated, and (to a greater or lesser ev- 
tent) integrated. If the historica: theme is involved 
it is used only briefly in the introduction to th 
subject headings 

The laboratory work is too often standardized t 
the traditional experiments and either the student 
knows what he is going to find before he finds it 
or if he does not know anything about the subject 
he just tries to follow the recipe. In this case, he is 
only dimly aware of what it is all about. A typical 
student query would be: “Is this what I am sup- 
posed to get?” 
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I} to be expected if it is realized that when 
the | ular discovery in question was originally 
workec out, it took much time and thought on the 

B part ol 4 first-class mind to do what we now require 
of asecond- or third-class mind in a couple of hours. 
[his is a serious barrier to actually duplicating the 
historical process. 

Laboratory guides necd not be organized as rou- 


tine directions on what to do. ‘They can be com- 
posed of a sheet of questions that begin with what 
a‘ known and force the student to reason out the 
}problem involved, perhaps a hypothesis or two, 
and even what he would need to do in order to 
gain data necessary for forming or testing a hypoth- 
Fesis on the subject. I have found this method suc- 
E cessful. 

3) Developing techniques and attitudes. Nearly 
every textbook and laboratory guide has a section 
' on the scientific method. Here the techniques, atti- 

tudes, and assumptions are codified, packaged, and 
readied for quick and easy consumption. The text- 
‘book almost invariably puts the scientific method 
at the very first, when there is no apperceptive mass, 


Fand consequently it degenerates into a memory 


exercise. 

Perhaps a brief history may be given of how the 
modern outlook evolved, but generalizations of this 
kind can assume signficance only after repeated 
contact with experiences that are specific and 
meaningful. 

The point of contact for the most specific exper- 
ience is the laboratory. In order to understand sci- 
entific procedures, the student must endure the 
pain of thinking with ingenuity in order to get 
through a problem situation (one appropriate to 
his ability). This demands even more ingenuity on 
the part of the instructor or author and here is the 
reason there is so little of it being done, as Kruglak 
has emphasized. Perhaps in this way we would also 
learn that the scientific method is not an easy for- 
mula for transforming morons into geniuses. 

+) Understanding the effects of science. Here we 
will be accused of getting somewhat afield, and per- 
haps so from the view of orthodox physical and 
biological science. However, our stated objectives re- 
quire that we consider the neglected subject of un- 
derstanding the effects of science. If the average 
man must choose which will touch his life more inti- 
mately, a knowledge of nuclear chemistry necessary 
to understand how an atomic bomb goes off, or the 


-atomic effects on his life and society, he cannot 


avoid choosing the latter. The matter does not end 


here, for as competent scientists have observed, 


“What of importance can be named about our 


B World today that has not been created or revolu- 
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tionized by the effects of science?” There is nothing, 
and unfortunate as it may seem, quite a number 
of these effects are touched with great difficulty 
and danger. 

Since many natural scientists are uninformed on 
this topic, they regard it suspiciously as a frill, a 
fad, or a way of making science a “snap.” One sci- 
entist called it “the romance of production and the 
glories of the kilowatt.” Far from being an area for 
wool-gathering and happy speculation, this is a 
place where many concrete and unpleasant facts 
must be faced and where there is a desperate need 
for straight and fearless thinking. 

It may be objected that this is the business of 
sociology. In theory that would be the place for it, 
but it is not being done there, perhaps because 
sociologists as a whole are concerned with more 
specialized subject matter. In my physical-science 
course, I include a few of the more elementary 
effects, and my students do not regard this part as 
easy. This topic is readily adapted to either inten- 
sive or extensive methodology. 

9) Applying the scientific method in social prob- 
lems. Here assuredly we will be charged with being 
clear off the track, but again we are speaking about 
aspects of science most vital to the average man 
without regard for where they may be studied. At 
this point, we come face to face with the profound 
gap in our culture—the fact that the physical and 
biological sciences have had a head start of several 
hundred years on social control and utilization. 

In addition, the older sciences have been subsi- 
dized and encouraged to criticize, reconstruct, and 
come up with disturbingly different ideas. ‘The fail- 
ure of the attempt by physical scientists to ignore 
such developments is seen in the flurry of social 
awareness generated among scientists by atomic 
energy during the last decade. That much remains 
to be done is evident in the exclusion of this subject 
from the National Science Foundation, and we may 
be sure that the problem will grow in dimensions 
rather than diminish. 

Included in my biological-science course is 2 
weeks’ work in which certain biological and bio- 
social knowledge, as well as scientific methodology, 
is applied to selected problem situations. Funda- 
mental guideposts and conclusions are established 
as illustrations of what can be done. 

A condensed outline of some of the material used 
in connection with objectives 4 and 5 follows. 


Social Effects of Science 


industrial revolution as a result of applied 


i. The 
science, its spread across the world 


2. Effects of this revolution: dehumanization: automa 
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tism; major social problems traced back to this 


origin 
bask discoveries dynamite; 


ot 


indigo dyes; airplane; atomic energy, ete. 


Antisocial effects 
Cultural lag as a cause 

Responsibility of scientists to society 
the of the 
The New World made necessary by physical science: 


examples, in 


cluding program atomic. scientists 

effects of science that compel integration and plan- 
ning, world government, and intercultural harmony 
the 


( hanging charac ter, and obsolescence 


Invention and patent system: its importance, 


The forces of culture resulting from science—theit 


nature and effects 


Social Biology 


The nature and function of law in natural phenom- 
ena: universal processes; basis of successful predic- 
tion and control 
iysiological drives as universal processes (laws 

Physiol ld ly | 

their nature and manifestations; their cultural forms 
Activity 
festations; their cultural forms 


drives and others: their nature and mani- 
Interrelationships of the foregoing 

Penalty for pursuing policy contrary to laws: social 
failures as a result 

Application to specific problems: kind of govern- 
ment made necessary; the fate of war. (Others as 
time permits 
Ecological influences population pressures 


Some Proposals and Conclusions 


The five headings used here constitute one way 
of classifying the objectives of science training for 
nonscientists. There are undoubtedly other ways of 
organizing the subject matter. But regardless of 
how it is classified, several conclusions will stand 
out with unmistakable clarity. 

1) Painfully obvious is the fact that any effective 
treatment of these objectives would require far 
than is allotted to the task. Science 


more time 


courses are expected to accomplish too much in too 
little time. Science teachers are being loaded with 
the Labors of Hercules but with hardly the strength 
or any real opportunity to perform them. 

If more than one, perhaps two, of these objec- 


tives are to be achieved, then a curriculum change 
is in order. If others wish to interpret this as mere 
partisanship, let them compare the accomplish- 
ments, the effects on daily life, and the method of 
their subject with those of science. 

It may well be that both intensive and extensive 
methods should be used, depending upon which of 
the objectives a specific course is attempting to 
realize. Until adequate time is available, a selec- 
tion will have to be made. 


2) The social effects and applications of science 
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deserve far more attention than they have 

They must be taught somewhere; in the 

science work if need be. The oft-heard of 
of orthodox scientists is that if students ar 
to be scientific in chemistry they will auto; 
be scientific evervwhere else. In order to an 
the fo 
conclusions justified by transfer of trainine 


charge, it is necessary to consider 


ments: (1) The old idea of Latin or scien 
effective means of improving the general | 
and discipline of the mind is not supportab 
The amount of transfer ox curring correlat 
It has little correlatior 
fund of factual knowledge, although one 


with intelligenc e. (111) 
gator did find a high correlation between facts a) 
the ability to distinguish valid explanations of co 
mon phenomena. (iv 


eralizations are identified. (v) It is improved 


more if the student is given specific dir 
that 


without 


In general, it may be said for most 


little 


help and direction. This is one reason why | 


peo] 


very transfer occurs considerab 


tempted in my courses to provide this help in obj 


‘Transfer is improved it gel 


tives 4 and 5. Apparently these must be taug! 


directly if we expect them to be learned and us 

When the Watson-Glaser ‘Tests of Critical Thi 
ing were administered before and after similar ¢ 
posures, there was found a measured increas 
scores. As might be expected, learning such meth 
and attitudes proceeds best when dealing 
specific Cases. 

3) An over-all plan for science training has | 
come essential. Little has been accomplished tow 
an integrated plan, partly because of intrascier 
departmentalized thinking. Coordination with t! 
social studies is especially urgent in view of th 
mutual relationships with the overpowering 
perilous gap in our culture. 


The opposition to reconstructing without regat 


| 


to the walls separating departments is formid 


Yet it is here that much productive advance 3s | 


be made. Anyone who in the past attempted suc! 


} 


a project was, as one penetrating observer remal 


(3), “thwarted by all full professors and heads « 


departments concerned because his newlan 
ideas would not fit into the sacred scheme o! 
demic curricula and budgets. But the departm 
ization of modern science does little to foster 
much to discourage, students to go for adve1 
in new lines.” 

There is need for a criterion or measuring s 
ard for determining the most effective synth 
objectives and methods. If one has been pro 
here, it is probably that which aids people 
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y to understand and live in the modern — cal” scientists may disagree, but unless real headway 
is made toward closing up the ominous social lag. 
ic eeneral education science program has we may not be around long enough to argue about 


ated as the scientific orphan, or perhaps — it. A very apt conclusion is phrased by former U.S 


spring whose legitimacy is not quite certain. Commissioner of Education, Earl J. McGrath (5 


specially odd when it is remembered that = which is a continuation of the introductory quota- 
science must be the point of contact with — tion: 

ect for most people. It is increasingly apparent that unless the proper 
‘are trumpet calls for something new and social controls can be exercised the latest work of 


it, but where are the reading materials for the scientists may nullify all the benefits to human 
nnovations, especially with classes of 50 to kind that have flowed from the activities of their 
shudder) even nae? For every textbook fellow workers in earlier days. Hence courses for 
: : . 4 those who will 1 be scientists or physicians o 
in with something to offer along this line, ™ . My OS SCN sll cox, memrernancoless 
: . ‘ engineers, but who nevertheless in a democracy 
5 0.01 of a textbook salesman with appropri- 


InVeStl- “ determine social policy which may wreck modern 
horatory aids. 

icts and : OFANOF) is : culture or destroy the scientific enterprise itself, 
of con Phe dilemma in which we find ourselves and the niust. 2 growing nansber of ‘scientists ave aecced: tn 
| if gen- nme to which general education science training struct students in the social implications and con 
ved St) should address itself has been well stated by Lan C- sequences of scientific work. 

lot Hogben (4): “The training of the statesman , 
rection lot Hogben 4 ae aa : References 
peopl or the man of letters gives him no prevision of the Eric Rovers. Science 110, 599 (1949 
derah! technical forces which are shaping the society in H. Kruglak, Am. J. Phys. 17, 23 (1949 
v I at. which he lives. The education of the scientist leaves 3. Ludwig von Bertalanfly, Sct. Monthly 77, 233 (1953 
ete . Lancelot Hogben, Retreat from Reason (The Hamp- 
) obier- jim indifferent to the social consequences of his , po 

JE rte shire Bookshop, London, 1937), p. 2 
taught @ own activities. 5. E. J. McGrath, Science in General Education (Wm 


d used his also applies to the ordinary citizen. “Classi- C. Brown, Dubuque, 1949), p. 389 


| hin! 
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American Academy of Arts and Sciences 


It was an honor for the American Academy of Arts and Sciences to participate as one 
of the sponsors of the Conference on the Validation of Scientific Theort s. the initial 
papers of which appear in this issue. President Land, of the American Academy, un 
fortunately was away from Boston at the time of the opening meeting, and so it became 
my privilege to convey the Academy's greetings to the conference. 

In this I found some minor appropriateness for, as it happens, | am the vice presi 
dent for the Humanities in the American Academy. This was a conference that per 


regard 


able 
: tained largely to matters of science. There was a time in history when the humanists 


would have seen to it that no men of science were present at such a discussion. Ther 
Was a more recent time when perhaps the men of science would not have welcomed 
humanists. Now we have reached a time when it is quite apparent to everyone with any 
sense that the cause of s« holarship needs cooperative, and not compe titive or even an 
tagonistic, action, 

Yet these bridges are very dificult to build, and many a good eftort has failed. We 
must keep on trying. For it seems beyond the necessity of proof that science has a very 
serious effect upon human conduct and also that human conduct may have a profound 
effect upon science, It was to explore such questrons that scientists, social scientists, and 
humanists met together, bearing the virtues of their respective disciplines without bran 
dishing their parochial standards 

We do not know whether Count Rumford would have approved of these meetings or 
have sat through them in his day; but we know that the present membership of the 


American Academy of Arts and Sciences did approve of them and looks for much good 


to result. Joun FE. BurcHaARD 


er, 1954 





Signals through Space 


WILLIAM L. ROBERTS 


Mr. Roberts, who 1s a native of England, has been an engineer in the 
house Research Laboratories, East Pittsburgh, Pennsylvania, since 194 
graduating from Emmanuel College, Cambridge University, in 1941, h 
on radar for the British Ministry of Aircraft Production until 1946 and 
associated with the International Telephone and Telegraph organi 
London and Nutley, New Jersey, until he joined Westinghous: 


INCE the days when Marconi, Poulson, Fes- 
senden, and others brought long-distance 
radio communication into reality, the possibil- 
ity of interplanetary and interstellar radio contacts 
has been a fascinating topic of speculation. At long 
last, it was felt that if the other planets were inhab- 
ited by people possessing a technology equal or 
superior to our own, then we could establish tele- 
graphic or telephonic intercourse with them. Such 
dreams have not yet materialized, not because we 
do not possess the necessary transmitting and re- 
ceiving equipment, but because our neighboring 
planets either are not inhabited or their occupants 
cannot or do not want to communicate with us. 

Nevertheless, radio signals are constantly reach- 
ing the earth from the celestial sphere around us, 
and even though these signals are not the kind that 
science fictionists would particularly appreciate, 
they are of great academic interest and may some- 
day be of great practical importance. For radio 
astronomy, as this recently developed study of extra- 
terrestrial radio signals is now called, is complemen- 
tary to visual astronomy and provides observers 
with a new tool for the study of the heavens. 

Figure | illustrates the electromagnetic spectrum 
extending from the long radio waves with wave- 
lengths of hundreds of meters to gamma rays pro- 
duced by radioactive materials that have wave- 
lengths than one hundred-millionth of a 
centimeter. Normally, the human eye can view 
satisfactorily radiations in the visible portion of the 
spectrum, which extends from a wavelength of 
about 4 x 10° cm (an extreme violet color) to 7.2 
10°° cm (a deep red color). Such is the very small 


less 


portion of the spectrum to which the human eye is 
responsive, but by the use of instruments, such as 
thermopiles, bolometers, and photoelectric cells, the 
infrared and ultraviolet portions of the spectrum 
may be studied. However, for astronomical obser- 
vations, the earth’s atmosphere absorbs much of the 
ultraviolet and infrared radiation, so that the effec- 
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tive “window” of the electromagnet 
centered on the visible portion extends only fr 
about 10 


ultraviolet. Yet, the so-called “radio window” 


the spectrum extends from about 0.25 cm to 20) 


with the atmosphere absorbing wavelengths |e 
than 0.25 cm and the ionosphere reflecting thos 
longer than 20 m. Thus, if the width of such a wi 


dow is expressed as the ratio of its upper to 
lower waveleneth, then it may be seen that 
radio window is considerably wider than the opti 
window. 
ning to assume great importance in astronomy 

Since the last century, it has been known t! 


all bodies at temperatures above absolute zero (() |} 


or — 273°C) radiate energy over a wide range 
frequencies in the electromagnetic spectrum 
cluding the radio portion of it) and that the hott 


the body, the greater the intensity of the radiatio: 


When the radiating body is a perfect emitter ai 


absorber of radiation, it is known as a “black body 
and although such a perfect emitter and absorbe 


is not found in practice, it may be closely simulat 
in the laboratory by a small hole in the shell o! 
hollow sphere with a blackened interior. 

The intensity of the radiation emitted by a bla 


os 


Optical | 
Window | 


the earth’s atmosphere 


Transparency of 


10-8 1078 104 = IQ-2 
hed 


' 
' 





i910 
Wavelength (cm 


X-rays ~ 


' 


1 be Infra-red—s 


+ 
| e—Visible  *—— Radio 
Y -rays ~ mer — Ultra-violet 


Fig. 1. This diagram illustrates the transparency 
earth’s atmosphere for the various types of radiation 
electromagnetic spectrum. 
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Secause of this, the former is now begi 
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th ; Black-body radiation curves for temperatures be- 
lat TiC een 500° and 20,000° K. (1 =10,000 A = 1/10,000 cm) 
ie Optica 
W begin- Mi body at different temperatures as a function of 
omy. wavelength is shown in Fig. 2. From this illustration 
wn that jt is seen that the radiation for a black body with a 
To (0°K temperature above 2800°K (2527°C) and below 
range OME I00°K (8723°C) reaches a peak intensity in the 
um visible part of the electromagnetic spectrum and 
€ hott that the higher the temperature, the shorter the 
diation J wavelength at which the maximum occurs. It is 
ter ald MM therefore possible to determine the temperature of 
bod) i black body by merely measuring the wavelength 
bsorber MM or fr quency corresponding to peak emission. ‘Thus, 
nulat {is not necessary to make physical contact between 
ell of a a hot body and a suitable thermometer to establish 
the temperature, because as long as its radiations 
a bla in be detected and accurately measured at a dis- 
lance, Its temperature can be calculated. 
When it was realized that the temperatures of 
bodies could be so measured, the sun naturally be- 
came a subject of study. When viewed through a 
- suitable telescope, the sun appears as a bright disk 
Radio . : oan F 
window fe With a sharp periphery. This is the so-called “pho- 
Pp poripece) : pno 
tosphere” with a diameter of about 864,000 mui. 
>  VYutside the photosphere is an atmosphere of lumin- 
h (cm ous but almost transparent gases. The lower part 






ol this atmosphere, extending to a height of a few 
hundred miles above the photosphere, is called the 
reversing layer, and above this, extending to several 
thousand miles, is the chromosphere, consisting 
of the lighter gases. Outside the chromo- 
there is another envelope of very great 
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height and very small density. ‘This is the corona, 
which is best studied during a total eclipse. The 
various regions of the sun’s atmosphere and the 
corona are illustrated in Figs. 3 and 4, respectively. 

In 1903, Langley made measurements on the 
emission from the sun up to wavelengths of 0.0003 
cm and found its apparent temperature to be about 
6000°K (5727°C). Adel, in 1942, confirmed these 
results by measurements of radiations with wave- 
lengths up to 0.0024 cm. Naturally, these wave- 
lengths were much smaller than radio wavelengths 
which for practical are considered 
greater than 1 cm). However, from the experimen- 
tal results obtained by Langley and Adel, it is pos- 
sible to calculate whether or not the energy emitted 
from the sun in the radio portion of the electro- 
magnetic spectrum could be detected here on earth. 
At a wavelength of 1 m and using a receiver with 
a band width of 2 Mcy/sec, the power received, pet 
square meter, at the earth’s surface is approxi- 
mately 10°'' w, if we assume the sun to be a black 
body with a temperature of 6000°K. Unfortunately, 
this radiational level is approximately 1000 times 
too small to be detected by a good receiver with a 
normal antenna. However, it was believed that, by 


pul poses 


reducing the wavelength to about 10 cm and by 
using a high-gain antenna system, such radiations 
could be detected. 

After 1940, several investigators strove to detect 
the noise radiation from the sun. In 1944, Reber 
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Fig. 3. Sketch of the sun and its atmosphere (not drawn 


to scale 
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Fig. 4. Solar corona at the eclipse of 28 May 1900. 
finally succeeded in measuring this radio noise; he 
believed that his results confirmed the black-body 
theory, with the apparent temperature of the sun 
being about 6000°C. Southworth, in 1942 and 
1943, using shorter wavelengths, established the 
apparent temperature of the sun as 18,000°K, and 
his work was soon confirmed by other scientists in 
the field. As a consequence, it is now believed that 
the corona of the sun, with its higher temperatures, 
is the primary source of the radio noise emission. 
In 1936, various radio amateurs reported “hiss- 
ing”’ their the 10 to 40 
Mey /sec range. This noise was received only in the 


sounds in receivers in 
daytime and was often followed by radio fadeouts 
and bright eruptions on the surface of the sun. 
From the black-body theory, it can be seen that the 
normal radiated noise level at a wavelength of 1 m 


yinpy > 
yOUVG  SONIMAD 39 





Pig. 3. 
Hemisphere 


Polar projections of the heavens showing thi 
right 
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constellations of the Northern Hemisphere 


is about 1000 times too small to be deteciod. \ 
this noise detected at much lower frequeiicies | 
the amateurs, if it came from the sun, wouild h, 
to be about 10,000 times greater than calculated 
the black-body theory, assuming that the appare 
temperature of the sun is about 6000°K. 

Soon the reports of the radio amateurs were coy. 
firmed by Arakawa in Japan, by Dellinger in 4 
United States, and by Newton and Barton in Grey 
Britain, all of whom demonstrated the correlat 
of high noise and radio fadeouts. Moreover, in F; 
1942, the operation of British gun-laying rada 
working on wavelengths of 4 to 6 m, was seriou 
disrupted by interference apparently caused by 
large sunspot crossing the solar disk. Although 
had been assumed that the sunspots were respo; 
sible for the observed terrestrial effects, it remain 
for Ryle and Vonberg, using specially designed 


tennas, to show that the abnormal radiation « 


actually come from a portion of the surface of ¢! 
sun with an area about equal to and coincide: 
with that of the sunspot. From their data, Ryie an¢ 
Vonberg estimated that if the sunspot were a blact. 
body radiator, it would have to have a temperat) 
of 10°°K to account for the observed results. Su 
surface temperature on the sun is inconceival 
because the temperature in the depths of the sun 
believed to be about 1000 times less than this val 
Thus, in the case of the abnormal emissions fro 
sunspots, the black-body radiation theory is not ad 
quate to account for the observed effects, and soi 
other mechanism must be postulated. 


‘Two rather elaborate theories have been cd 
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ccount for the abnormal radiation. One, 


ped t 

ieyeloped by Ryle, assumes an electrostatic field at 
the surlace of the sun. This electrostatic field gives 
he free electrons present in the sun’s atmosphere 
creased energy, and in times of sunspot activity, 
she electrostatic field and the electron energies are 
‘y-reased in certain areas of the sun’s surface to a 
wificient extent to account for the abnormal radia- 


“ion. Lhe other theory assumes special types of elec- 
tron oscillations in the sun’s atmosphere and _ has 
been proposed by Martyn as a development of elec- 
tron gas studies originally made by J. J. Thomson. 


lhe difficulty involved in this theory lies in the fact 


Pihat no mechanism has been proposed whereby 


these oscillations could be maintained. 

While there is general agreement that the black- 
body radiation theory can account for the radio 
noise emitted from the sun during quiesence, there 
is no such agreement on the cause of intense emis- 


sions during sunspot activity. Yet the science ol 


radio astronomy is still very young, and undoubt- 
edly future theoretical and practical work will solve 
these problems. 

Until about 300 yr ago, it was generally sup- 
posed that the earth was at the center of a great 
hollow globe, or celestial sphere, that the stars were 
affixed to the inner surface of it, and that it made 
| rev about its axis every 24 hr. The stars were con- 
sidered affixed to its inner surface, not in an orderly 
or even in a perfectly random manner, but in dis- 
tinctive groups, or constellations, to which names 
of animals and figures of ancient mythology were 
applied. ‘To an observer in the Northern Hemi- 
sphere, the stars or the celestial sphere appear to 
rotate about a point very near to Polaris, or the 
Pole Star, and hence polar-projection star maps, 
such as Fig. 5, were drawn up centuries ago. The 
invention of the telescope soon made it evident that 
some stars were at much greater distances from the 
earth than others and that the celestial sphere did 
not in fact exist. However, as a means of charting 
the positions of stars, some of these old concepts are 
very useful and have been retained in modern 
astronomy. 

[he sun and its planetary system are nowadays 
considered part of a tremendous assemblage of stars 
known as a galaxy. From the groupings of the stars, 
we are led to believe that the galaxy is disk-shaped, 
as illustrated by Fig. 6, with a diameter of about 
(00,000 It-yr (light-years) and some 20,000 It-y1 
thick at the center. The sun, a very average star, is 
‘d about 30,000 It-yr from the center of the 

‘y:; when an observer looks toward the Milky 
Way, he looks along the plane of the disk. 


ir galaxy is only a localized system or part ol 


the universe, and other galaxies are known to exist. 


nber, 1954 


Another great star system is the Andromeda Ne- 


bula, the nearest of the spiral nebulae, and about 
750,000 It-yr distant from us. In size and shape, it 
is believed to be very similar to our own galaxy 
Large telescopes have shown these external galaxies 
to be fairly well scattered in space and within a 
range of 500 million light-years from us: there may 
he as many as 100 million of them. 

The discovery of galactic radiation should un- 
doubtedly be attributed to Jansky. In Dec. 1931, 
while investigating atmospherics on a wavelength 
of 15 m, he showed that radio waves of extraterres- 
trial origin the earth. Moreover, 
these waves showed a diurnal variation both in di- 
rection of arrival and intensity. Subsequent work 


were reaching 


showed that the periodicity of the noise was 23 hi 
56 min, corresponding to the earth’s rotation rela- 
tive to the stars. Thus it was determined that the 
apparent source of the radio noise was fixed in 
space. During the next few years, Jansky continued 
his experiments and concluded that the area of 
maximum the 
galactic center and that the source appeared to be 


Milky Way. He 


emission was in direction of the 


also Ccon- 
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cluded that the noise originated either in the stars 
or in interstellar space and, in an attempt to verify 
his conclusions, he tried to detect radio emissions 
from the sun. However, these experiments failed. 

Because of the lack of directivity in Jansky’s an- 
tenna, it was left to Reber, during the years 1940— 
1944, to produce detailed plots of the distribution 
of the noise intensity along the Milky Way by using 
a wavelength of 1.85 m and an antenna beam 
width of about 12°. Figure 7 is a plot of his results 
and shows that the maximum intensity lies in the 
constellation Sagittarius toward the galactic center, 
with secondary peaks occurring in the constella- 
tions Cygnus and Cassiopeia. 

By the use of even more highly directive an- 
tennas, Bolton and Stanley. working in Australia 
in 1948, showed that the angular diameter of the 
source in the constellation Cygnus was less than 
8 min of arc and that it occurred in a region devoid 
of any outstanding visible objects. Soon afterward, 
Ryle and Smith discovered a similar very intense 
source of noise in the constellation Cassiopeia. By 
the summer of 1950, Australian workers had dis- 
covered 30 point sources in the Southern hemi- 
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sphere and British workers, 50 in the Northem 
Hemisphere. Some of the latter are illustrated in 
Fig. 8. By the use of receivers with increased sens: 
tivities and better antenna arrays, several hundred 
such point sources have now been charted. 
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; ‘sun is a source of black-body radiation 
th lio spectrum, it was first suggested that 
Jactic noise was similar in origin. However, cal- 
Jations showed that if all stars behaved in the 
Bme Way as the sun, the aggregate intensity of the 
di ssion would be far too small by a factor 
10° to 10’? to account for the observed results. 
r, the discovery of point sources of radio 
regions with no significant visual stars 


ose 
| 39° ide this idea untenable. 
The mechanism of the emission of radio noise 
from such point sources is not yet understood. The 
existence of stars that are invisible through optical 


telescopes yet capable of strongly emitting radio 

aves has been postulated with the idea that there 
@re about as many radio stars as there are visible 
nes in our galaxy (about 100,000 million of each). 
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Fig. 9. The Crab Nebula. 


Recently, however, the Crab Nebula in the con- 
stellation Taurus and the great nebula in the con- 


stellation Andromeda have also been identified as 
sources of radio noise. These nebulae appear as 
laint, hazy patches of light that cannot be resolved 


nto stars and are illustrated in Figs. 9 and 10. The 
b Nebula is the gaseous remnant of a supernova, 
or exploded star, that disintegrated in 1054 when 
it could be seen in broad daylight. 

One of the earliest attempts to account for galac- 
r lation of an interstellar nature was proposed 


by Reber in 1940. Interstellar space is believed to 
contin not only dust particles but also very rarefied 
hy en with a concentration of | or 2 atoms /c« 
‘ These atoms, according to not only Reber but also 
{iced Hi and Keenan, ‘Townes, Van deHulst, and 
pot! should emit. radiation with a wavelength of 
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Fig. 10. The Andromeda Nebula. 


approximately 21 cm. Such radiation was first de- 
tected on the night of 25 Mar. 1951 at Harvard 
University by the use of a highly sensitive receiver 
and a parabolic antenna system. On this occasion, 
the received signal came from the direction of the 
constellation Ophiuchus near the center of the 
Milky Way. Within a matter of months, confirma- 
tory results had been obtained by workers in Aus- 
tralia and Holland. 





The Magellanic Cloud 


Large 


75 
] 


By measuring the exact frequency ol the received 
hydrogen radiation and comparing it with the theo- 
retical frequency that would be obtained in a labo- 
ratory, the so-called Doppler Shift in frequency is 
obtained, and from this the radial velocity of the 
hydrogen cloud may be determined relative to the 
earth. Dutch astronomers have detected as many 
as three or more hydrogen signals along a single 
line-of-sight into the galaxy. These results suggest 
the existence of several hydrogen clouds moving at 
different speeds relative to one another and to the 
earth. 

In 1952, the first hydrogen clouds outside the 
Milky Way were detected. These occurred in the 
Large and Small Magellanic Clouds which appear 
to the naked eye as two detached portions of the 
Southern Milky Way. The Large Cloud is shown 
in Fig. 11 and its position is charted in Fig. 7. The 
two clouds were found to be revolving around each 


main to be solved. However, by the time the 
tions are answered, scientists will have thought 


many more questions that radio astronomy mip! 


answer, for it has been justifiably said that {| 
science is in almost the same position that vis 
astronomy was when Galileo invented the opti 


telescope. 
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New Research in Radio Astronomy 
Some of the still unsolved mysteries of the universe—including the nature and origin 
of radio waves that come from outer space and the existence and location of stars that 
are to be explored by 
250 ft in 


diameter and some 60 ft deep. Construction of the new “dish,” technically called a par- 


cannot be seen or photographed with even the largest telescopes 


Australian scientists, using a giant “radio eye,” or “dish,” (see front cover 
abolic reflector or receiving antenna, will be provided in part by a quarter-million dol 
lar grant from the Carnegie Corporation of New York. About 3 years will be required 


to build and mount the reflector so that it can be tilted or rotated in any direction. 





The “dish” was designed by the Radiophysics Laboratory of the Commonwealth 
Scientific and Industrial Research Organization under the direction of E. G. Bowen, a 
British-born physicist of international reputation, and his chief assistant, J. L. Pawsey. 
Work of the Radiophysics Laboratory, located on the campus of the University of Syd- 
ney, lies in the relatively new field of radio astronomy, now recognized as an essential 
aid in exploring the nature of the universe. The new “dish” may help to find and iden- 
tify invisible radio stars and to investigate other suggested sources of radio waves, such 
as stellar explosions, the action of hydrogen gas in interstellar space, or collisions of 
galaxies. 

Another “dish,” comparable in size and power to the proposed Australian reflector, 
is now under construction at the University of Manchester, England. Ever since plans 
for the British “dish” were announced about 2 years ago, scientists have hoped for a 
similar unit that would make it possible to explore the stars in the Southern Hemi 
sphere, particularly the Magellanic Clouds formation, with the same thoroughness that 
the Manchester equipment will make possible exploration of stars in the Northern 
Hemisphere. The proposed installation in Australia may be the answer. 
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Acriculture versus Chemistry 


DD. M. HEGSTED and FREDRICK J. STARE 


Dr. Hegsted received his Ph.D. in btochemistry at the University of 


Wisconsin 


After a short period in the research department of Abbott Laboratories, he went 
with Dr. Stare to Harvard University to establish the Department of Nutrition 


He is associate professor of nutrition at Harvard and a member of the editorial 
staff of The Journal of Nutrition. Dr. Stare graduated from the University of 
Wisconsin and received his M.D. from the University of Vhicago. He has been 
head of the Department of Nutrition at Harvard since its beginning in 1942 


He 1s also editor of Nutrition Reviews 


is no reason to believe that these countries should 
or will go through the same evolution observed in 
this country. Rather, they should be able to take 
the knowledge and technical skills now available 
and put them directly into efficient use. 

The accomplishments of nutrition science during 
the first half of the 20th century are well known. 
The principal effort has consisted of biological 
identification of the essential dietary factors, their 
isolation, studies of their function, and finally their 
10 of 
which are probably essential for growth, a dozen 


99) 


chemical synthesis. Some 22 amino acids, 
or so vitamins, two or three fatty acids, and more 


than a dozen inorganic elements may now be in- 
cluded in the essential food elements. ‘The marked 
success in growing animals for more than one gen- 
eration upon diets that are highly purified leaves 
little doubt that we are approaching the end of 
this remarkably productive period. Much remains 
to be found out with reeard to the functions of 
these nutrients, their interrelationships, the quan- 
titative requirements of man and animals at dil- 
ferent stages of growth and maturity, and so on 
Nutrition to 


medicine and public health, perhaps mostly in the 


will contribute a great deal future 
field of the prevention of disease, particularly in 
geriatrics, the effects of diet upon the aging proc- 
ess. But the opportunities for success in identifica- 
tion of new growth factors or new essential nutri- 
ents are certainly becoming less. There is no reason 
to believe that the nutrition requirements of man 
are any more complicated than those of some of 
the 


chick and the monkey. Indeed, the more rapidly 


the common experimental animals, such as 


growing species usually have greater requirements 


for most vitamins and, if their requirements are no 


h iti f M 

in the Nutrition of Man 
HE American people have been extremely 
fortunate in that development of the United 
States occurred at a time when our popula- 

tion was small and when scientific knowledge and 

its application in technology were keeping well 

ahead of the population. Overpopulation with re- 

spect to food supplies never occurred in the United 

States, and it seems unlikely that it ever will occur. 

Within recent years, the difficult and embar- 
rassing problems associated with feeding densely 
populated areas that are producing inadequate 
food supplies have suddenly become our own con- 
cern. Many people believe that the exportation of 
technical assistance in an effort to help these areas 
is a major plank of our foreign policy, or at least 
that it should be. In any event, the changing polit- 
ical situation has made it clear that we can no 
longer ignore the food and population problems 
of areas that now have or will have situations so 
different from our own. 

Our own personal interest in these problems has 
been sharpened by a recent visit by one of us to 
the Far East. The problems of Java are typical of 
many parts of the world where millions of people 
are living on small land areas, where nutritional 
disease is widespread, and where the solutions are 
not obvious. We have also been interested for sev- 
eral years in the nutrition problems of Peru. Al- 
though overpopulation is not a major problem of 
Peru, its nutrition problems are essentially typical 
of many tropical areas. The diets of the mass of 
the population are high in carbohydrate, low in 
protein, fat, and certain protective foods. Educa- 
‘ion and living standards are low, and health ser- 
vices are primitive in a large part of the country. 
Industry is only beginning to be developed. There 
Se] 
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more complicated in the qualitative sense, the 
effects of limited diets are more pronounced. 

The realization that the techniques for isolation 
and synthesis are so well advanced that nutrients 
required in only microgram quantities are now 
available in pure form leads us to a reevaluation 
of the future. Nutrition science developed to a 
large extent in the agricultural colleges and experi- 
ment stations of this country. The reason, of course, 
is obvious to all of us; namely, that farmers, dairy 
and poultry producers, and beef herders saw that 
nutrition research paid off in real dividends. We 
now see indications that the product may turn to 
bite the hand that fed it. Several obvious examples 
present themselves. From the time that the Bab- 
cock test was developed, butterfat has been the 
basis on which milk is sold. Today the major prob- 
lem of the dairy industry is the disposal of butter- 
fat. Nutrition research has paid off to the con- 
sumer. Margarine, which as far as is known is 
equal to butterfat nutritionally, can now be pro- 
duced much less expensively than butter fat. Fur- 
thermore, it seems quite clear that if the future 
should reveal nutritional advantages of butterfat, 
these findings would also soon be translated into an 
improved margarine. And margarine also always 
has the additional advantage of being a uniform 
product produced under controlled conditions that 
can be varied to suit consumer preferences. 

Most of us now enjoy enriched white bread that 
is, as far as we know, the nutritional equal, when 
consumed with our ordinary diet, of whole-wheat 
bread. There is good evidence in man that the 
latter is inferior, because the higher content of 
fiber and phytic acid in whole-wheat bread inter- 
feres with our obtaining the slightly increased 
amounts of protein, calcium, and iron that it may 
contain. Thus, we obtain slightly less energy from 
the whole-wheat product, although we hasten to 
add that the enriched-white-bread versus whole- 
wheat-bread controversy has no practical impor- 
tance in the nutrition problems of the United 
States. Under certain comparisons, particularly on 
the basis of protein quality, white bread suffers 
some disadvantage. But if it is ever shown that this 
is indeed a real nutritional hazard to the popula- 
tion, means are available to correct it by amino 
acid supplementation. With the help of the chem- 
ical factory, it should be possible to make a bread, 
or any other cereal product, with good quality 
protein. Such improvement of cereals with syn- 
thetic nutrients will probably be a continuing de- 
velopment. The resulting products will be of im- 
proved nutritive quality and will compete more 
favorably with foods of animal origin. 
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Although cereal improvement is impo 

this country, it is to the millions of peop living 
in the peasant areas of the world and existing 

one main cereal or grain crop, rice or c , 
the synthetic amino acids offer the greatest benef; 
From these areas, we have heard much aboy 
disease usually called kwashiorkor, or maligna 
malnutrition. It is found in infants and childye; 
hers 
milk and have been on the protein of a single cere: 
for a period of some months. It is a common a 


after they have left the good protein of mot 


serious disease that is frequently fatal; those \ 
recover may be plagued with cirrhosis of thi 
in later years. Yet this disease is completely 


i 
I 


ye 


ventable through better nutrition. Milk wil! 
vent and treat it. So will the superior vegetab| 
protein foods, such as mixtures of various legume 
and nuts. But the areas of the world in which : 
disease is common have peasant methods of agi 
culture. These areas are frequently overpopulat 
and all available fertile land is needed to or 
the basic crop of rice or corn. And it takes gener 
tions to change cultural and food patterns, parti 
larly in a largely illiterate population. The prop: 
nutrients, most likely amino acids, added to 1! 
rice or corn diet should be able to correct ¢! 
nutritional deficiency almost overnight. 

The fortification of bread and a few other pro 
ucts represents a realization by government that 
has a responsibility for the nutritional health 
the people. It is obvious that at present it is not fu 
responsibility, and one is forced to ask at whi 
stage government responsibility begins and ends 
Enrichment of white bread is not simply making 
white bread equal to whole-wheat bread, sin 
riboflavin is added in larger amounts than oc 
in whole-wheat bread. There is, of course, no ree 
son to believe that nature endowed wheat wi 
riboflavin in proportion to the needs of man. T! 
addition of vitamin D to milk is another cl 
example of an addition being made according | 
human need. With these examples before us, w! 
real justification is there for making Johnny « 
his spinach? Spinach is a good source of vitamin A 
as carotene and contains some iron, vitamin | 
folic acid, riboflavin, and other nutrients. All! thes 
are available at low cost and could undoubted 
be made available to Johnny in a food that he ac 
cepts more readily. Industries have been built 0! 
the nutritional benefits of a particular food and 
in the case of butter, may be greatly diminish: 
the results of further nutrition research. It seem 
clear that one of the results of nutrition res¢ 
considered in the broad sense, is to make any 
food unessential in the diet. 
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sistance to “synthetics,” particularly in the field of 


fabrics and partially in the field of food, has al- 





rhe » atritionists themselves have perhaps been 
ose most reluctant to accept the results of 
ings. Traditional nutrition education has ready been broken down. 

foods according to their nutrient content. It is necessary to point out that we do not believe 
The benefits of a varied diet are due, insofar as is 
they contain. coctions of synthetic diets. All foods are consumed 
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that we or future generations will be eating con- 
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to the various nutrients 
n practice today recommends foods even to 
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largely because they taste good and we like them. 
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L children Moor ups when the nutrients they supply can Everyone who can afford tasty foods will continue 
f mothe fe obtained less expensively as synthetic chemicals. to eat them, and there is little reason to believe 









that synthetic beefsteak is just around the corner. 


the government decided that by the en- 
However. there is doubt that they can continue 
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ichment of a few basic foods any person who con- 
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those } umed a reasonable amount of common foods to be promoted on a sound nutritional basis in com- 
f the live fould not suffer from nutritional deficiency. petition with products nutritionally improved via 
etely pr. fBShould we then emphasize nutrition education, or — the chemical industries. It seems only prudent that 
Will pr. fshould people be encouraged to eat more or less we recognize the problem that confronts us. 

Changes in agricultural production affect all of 





what they wish with the knowledge that the foods 
they eat will supply adequate amounts of all the 
known nutrients? These are questions that deserve — do occur. 

The apparent competition between certain 


vegetabl 
us, but changes are inherent in progress and they 
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vhich this 





answers in the near future. 
The argument may be carried somewhat further. 


S Of agri. 





r0pulat phases of agriculture and the chemical industry 







to grow fF The fields of investigation dealing with odors and _ is only the competition inherent in a free economy, 
S genera fF flavors must certainly be expected to advance. The and there is little doubt that, in the long run, the 
| particu. {improvements in margarine may again be cited as consumer will benefit. Uneconomical production 






will be turned to more profitable areas. The food 






€ proper fan example. Who would be willing to wager that 


























d to the fF nthetic preparations equal to fruit juices in terms industry that attempts to grow, or even exist, on 
rect thi {Fol flavor, appearance, and nutritional value will — its past record will not be with us long. A constant 
not soon be possible? Of course, any such prepa- search for nutritional improvement of its food 

er prod- JB ration must compete financially, and we have no products must be carried on, and much of the 
t that i fFidea where and when this will be possible. nutritional improvement of the future will come 
ealth of Synthetic chemicals have made serious inroads from nutrients purchased from the chemical fac- 
not full JF into the markets of wool, wood, insecticides, dyes, tory. The chemical industry has made much head- 
at what fertilizers, and practically every industry that at way in favorably supplementing the food products 
d ends JPone time depended upon natural products. It of agriculture. Much more will be forthcoming. 
making J would indeed require one to have little faith not The farmer and the chemist together can do a 
l, since {fF to expect similar changes in the food industry. It better job of solving the problems of global nutri- 
n oc may be noted that much of the past consumer re- tion than either one alone. 
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hted The paper by Hegsted and Stare, “Agriculture versus chemistry in the nutrition of 

he a man,” was presented at the Boston meeting of the AAAS, December 1953, as a part of 

as the symposium Species that feed mankind. This symposium was arranged for the 

“vi meeting by Paul C. Mangelsdorf of Harvard University and M. R. Irwin of the Uni- 

sail versity of Wisconsin. 

sabe Three papers that were presented as part of the same program have already ap- 

— peared in Science: O. T. Bonnet, “The inflorescences of maize” (16 July); Marcus M. 

irch Rhoades, “Chromosomes, mutations, and cytoplasm in maize” (23 July); L. A. May- 






nard, “Animal species that feed mankind: the role of nutrition” (30 July). Subsequent 
issues of The Scientific Monthly will carry the remaining papers in the series 
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ONVERSATIONS with scientists indicate 
that they frequently assume that the work 
for which a man of science is best known 

constitutes, quantitatively as well as qualitatively, a 
considerable part of his scientific output. Probably 
this is due to the fact that the name of a scientist. 
even a well-known one, is usually associated with 
one or, at most, with a few outstanding discoveries 
or theories. For this reason, persons are prone to 
assume that he has done little else. In regard to the 
majority of eminent scientists, this is a false conclu- 
sion. This article is devoted to presenting evidence 
that, in most instances, eminent scientists have pub- 
lished an unusual number of scientific articles, 
monographs, and books. It also presents data that 
indicate that the greater the number of a scientist’s 
publications, the higher his scientific reputation is 
likely to be. 

Two groups of scientists, beginning with a group 
that has been distinguished by election to the Na- 
tional Academy of Sciences, are considered here. 
Certainly not all first-rate American scientists re- 
ceive this honor, nor are all who are elected to the 
National Academy immortal, but as a group, the 
members of this body are highly competent. What 
is their record in regard to productivity? 

This is easily ascertained, because when a mem- 
ber of the National Academy dies, a biographical 
sketch and a bibliography appear in the Biographi- 
cal Memoirs of the Academy. A bibliographic count 
was made for each man whose bibliography ap- 
peared in the Biographical Memoirs between 1943 
and 1952, inclusive, and who reached age 70 before 
his death. There were 41 such men. The choice of 
septogenarians was dictated by the needs of an- 
other study (/). Persons dying at an earlier age 
average a lower total productivity, but my findings 


180 


logu al 7OUT nals. 


would not be much changed by the inclusion of p 
sons with shorter life-spans. Persons whose bib]; 
raphies consisted primarily of patents were omitt 
because I did not wish to combine patents and pub- 
lications. 

The bibliographies appearing in the Biograph 
Memoirs of the National Academy of Sciences hay 
not been compiled in a uniform manner. Some a 
apparently quite complete. Others are “selecte: 
bibliographies. Few of them are limited to strict 
scientific publications. Most bibliographies includ 
public addresses and semipopular writings as wi 
as scientific articles. Thus, these bibliographies W 
satisfy neither the person who wants complet: 
of publications nor the individual who wis! 
sources that are limited to scientific contributio 
On the whole, they lie somewhere between th 
two extremes. 

According to the bibliographies as publish 
these 41 men were responsible for a total of § 
works. This means an average of 203 per pers' 
The highest record was 768 items, the lowest 2 
Eleven had 300 or more publications each. Only 
had fewer than 100 publications each. The media 
number was 145. 

There are no data at hand on other scients 
living at the same time as these men. I belies 
however, that few will doubt that among the ge! 
erality of anatomists, botanists, chemists, and 
forth, the records summarized in foregoing pa! 
graphs are unusual ones. Indeed, I would h 
the guess that not more than 10 percent of th 
sons listed in American Men of Science equa 
record of the least productive member of the 4 


emy (27 publications) . 


No doubt various fields of science differ in t 
extent to which they lend themselves to high rat 
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tion. My data are too limited to justify 
comparison of scientific specialties. How- 
ver, | wish to note that the upper ranges of various 
re quite similar. The 11 men in the Na- 























roup 
nal Academy who had 300 or more publications 
r m such diverse fields as anthropology, as- 
0 biochemistry, chemistry, engineering, 
netics, geology, medicine, physics, and zoology. 
ese men, in the order of the number of their 
wiblications, are as follows: 
Pp. A. I. Levene Biochemistry 768 
versity. H, C. H. Merriam Zoology 626 
iana Sta L. |. Stegneger Zoology 199 
psycholo; W. M. Davis Geology $77 
Dr. Deny C. Barus Physics #20 
me ayer \. E. Kennelly Engineering 362 
I. B. Johnson Chemistry 358 
il \ Hrdlicka Anthropology 340 
bibl | W.W. Campell Astronomy 330 
i: H. Cushing Medicine 306 
—s C. D. Davenport Genetics 303 
ind pub. 
For a second group of eminent scientists, I chose 
raphica HF those persons whom Raskin (2) selected as the 25 
ees have JPmost eminent scientists of the 19th century on the 
ome are JP basis of the space devoted to them in several ency- 
‘lected” FE clopedias and dictionaries of biography. The bibliog- 
strictly JPraphy of each man has been determined by refer- 





ring to the Royal Society of London’s Catalog of 
Ycrentific Literature, 1800-1900. Complete records 


includ 





as We 




























ies will FPcould be obtained for only 19 men, because six 
ete lists fF began publication before 1800. These men and their 
wish respective bibliographies are as follows: 

. Liebig 307 
ieaae Bertholet 236 
lish Pasteur 172 
f 33 Faraday 16] 
. Poisson 158 
E ip Agassiz 153 
ole Herschel (J. F. W. 151 
adits Humboldt 142 
Gay-Lussac 134 
entist Gauss 123 
a Kelvin 114 
a Maxwell 90 
a Joule 89 
ee Davy 86 
sian Helmholtz 86 
ae Lyell 76 
Tt Hamilton 71 
a Darwin | 
Riemann 19 

the lirst glance it might seem that these eminent 

utes 19 ‘tury scientists were less productive than the 
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members of the National Academy of Sciences for 


whom data are given in foregoing paragraphs 
However, such a conclusion is unwarranted, All 19 
of the eminent 19th century scientists are listed, 
whereas, from the 41 members of the Nationa! 
Academy, only the top 11 are listed by name. It 
should be noted that the bibliographies were ob- 
tained by different methods and, hence, are not 
strictly comparable. The bibliographies obtained 
from the Catalog of Scientific Literature, 1800 
1900 contain only papers appearing in scientific 
periodicals, whereas the Biographical Memoirs ol 
the National Academy often contain, in addition to 
scientific papers, some popular writings, public ad- 
dresses, book reviews, and so forth. A further dil- 
ference to be noted is that the members of the Na- 
tional Academy whom I chose for study consisted 
only of those who lived to age 70 or beyond. Ra- 
skin’s group, on the other hand, was not selected on 
the basis of age. Because of these differences, the 
reader should not draw any conclusion with regard 
to comparisons between these two groups. 

In the case of the scientists of the 19th century, 
it 1S possible to make a comparison between the 
number of publications of the most eminent and the 
scientific output of the general run of their con- 
temporaries. In order to obtain data on the produc- 
tivity of 19th century scientists in general, I chose 
what approximates a l-percent sample of all per- 
sons whose names appear in the Catalog of Scien- 
tific Literature, 1800-1900. 

My first step was to select a random sample of names 
from the first section of the catalog, which covers the 
period 1800-1863. The record of publication of each 
person chosen was then checked for the period 1863 
1900 as well as for the period up to 1863, Each record 
may, therefore, be assumed to cover the period from the 
date of a person's first publication, as listed in the cata 
log, to the end or nearly to the end of his life-span. 

I obtained my sample by selecting the names on page 
100 and on every 100th page thereafter in volumes covet 
ing the period 1800-1863. In an attempt to rule out 
persons who may have begun to publish before 1800 and 
whose record of early publication would therefore be in 
complete, I omitted the names of those whose first pub 
lication appeared before 1810. If a person had not pub 
lished in the decade between 1800 and 1810, I assumed 
that he had not published prior to 1800 and that his 
period of publication belonged entirely in the 19th cen- 
tury. While the assumption no doubt involves some 
errors, | do not believe these errors seriously affect the 
findings to be reported. All volumes of the catalog were 


then searched to obtain a total record of publications 


for each man. In brief, | believe | have a complete list 
of periodical publications for a l-percent sample of the 
sclentists who began to publish between 1810 and 1863 


0 


Phe number of names obtained by this method was 





The range was from one to 458 publications. ‘Thirty 
percent of this group had only one _ publication 
each. Half had fewer than seven publications. 
Riemann, the least productive of Raskin’s cases, 
who had 19 publications, was equaled in quantity 
by only 25 percent of 19th century scientists. Had 
he not died at age 40, he would undoubtedly have 
produced more. Aside from Riemann, the remain- 
der of the eminent scientists belong in the top 10 
percent in terms of productivity. 

My sample of 19th century scientists was checked 
for inclusion in the Encyclopaedia Britannica, an 
honor not easily achieved. Of the men of greatest 
productivity (highest decile, 21 persons), nine, or 
approximately one-half, appear in the Encyclo pae- 
dia Britannica. Of the remaining 187, only six are 
so listed. Some of the latter are clearly listed for 
their distinction in other fields rather than because 
of their scientific contributions. 

On the basis of these facts, it is clear that there is 
a definite relationship between productivity and 
eminence in science. However, it is also clear that 
the two are by no means identical. We can illustrate 
this lack of identity by referring to two scientists 
not included in the preceding groups, who occupy 
places almost at the two extremes of productivity. 
Near the lower end of the distribution of productiv- 
ity is Mendel. Mendel, in terms of the criterions 
employed by Raskin, did not win a place within the 
first 25 scientists of the 19th century, but he prob- 
ably came near to it. He is mentioned in every his- 
tory of biological science. Yet he published only 
seven scientific papers. It should be noted that the 
cessation of the scientific work of Mendel seems to 
have been due to the pressure of other duties. Near 
the other extreme of productivity is John Edward 
Gray, an English naturalist. The catalog of the 
Royal Society lists 883 publications for him. Doubt- 
less these had some value, yet his name does not ap- 
pear in any history of biology that I have examined, 
nor does it appear in the Encyclopaedia Britannica. 
Apparently he is a relatively unimportant figure. 

These two men are exceptions to our general 
findings and doubtless other exceptions can be 
found. But such extreme exceptions to the general 
trends are rare. Let us examine my statistics in this 
connection. On the basis of my 1-percent sample of 
scientists of the 19th century, I estimate that the 
Royal Society catalog lists the names of 153,080 
persons who published seven or fewer scientific 
papers. Of these persons, | do not know of any 
others who have achieved the fame of Mendel. It 
is clear that persons who publish seven or fewer 
papers are not likely to achieve distinction, although 
Mendel’s case shows that it can be done. 
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With those of high productivity, the situation 
very different. Among 19th century scientists vw} 
produced 50 or more publications (they are |() per. 
cent of the total group), almost one-half can }, 
found in the Encyclopaedia Britannica. Of thoy 
who published more than 140 papers (the top ‘ 
percent), 70 percent appear in the Encyclo paed 
Britannica. Among highly productive people, ano 
alies such as John Edward Gray exist, but they a; 
most unusual. Indeed, I have found no other rely. 
tively undistinguished person who was so producti 
as Gray. 

Accepting the fact that eminent scientists ; 
usually highly productive, how is one to explain t 
relationship? I do not propose to offer a definiti 
explanation, but I will hazard some suggestion 
Whatever else is required to achieve eminence 
science, sustained effort is one prerequisite. No mai 
ter how able the man, eminence does not con 
easily. Anne Roe’s investigations (3), as well as n 
(1,4), indicate that the eminent 
works hard at being a scientist. The same drive: 
that enable a scientist to do the things for which | 
is well known probably cause him to perform man 


own scientist 


other pieces of scientific work. He does not qu 
when he has produced his magnum opus; he doe 
not quit when he achieves recognition; he does no! 


quit when he retires from his position. An examina: 


tion of the productivity of eminent. scientist 
throughout their life-spans (/) shows that an ev- 
traordinary level of activity is maintained to age / 
and beyond. Hard work is not the whole story, bu' 
the scientists who achieve recognition are industr- 
ous, and, as a result, their bibliographies are long 
What about the other facet of the relationshi 
namely, that the more productive the man, t! 
more likely he is to be eminent? Certainly a ma 
does not attain distinction by sheer quantity of out- 
put. My suggestion is a tentative and partial on 
but I submit that the correlation between fame ai 
fecundity may be understood in part in terms of th 
proposition that the greater the number of piece: 
of scientific work done by a given man, the greate! 
the likelihood that one or more of them will prov 
to be important. No one can foresee perfect! 
whether a given scientific project will be a fruitlu 
one. While scientists undoubtedly differ in the: 
ability to select areas that will lead to “pay dirt, 
whether they find it or not depends in part upo! 
chance. Other things being equal, the greater th 
the greater the likelilioo 


of making an important discovery that will | 


number of researches, 
the finder famous. 

I am quite aware that these “explanations 
oversimplified and inadequate. I offer them o1 
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t Pindicate possible future directions of search. My 
situa 2 ° P : 
ion prim purpose in this article has not been to ex- 
Ntists while : | 
nlain scientific discovery. Rather my purpose has 
ire |() np eo ; : ze. 
If Pet: MF wen merely to show that eminent scientists usually 
4 in. he : : : ‘ i 
O * xe highly productive, and that the likelihood of 
tl I thoy whieving a certain degree of eminence increases 
1 ton 5 ; ° ° ° ° 
id with the number of publications. In science, quan- 





Vc li Ppaead 





de, anon. 
t they ar 
ther rela. 


roduc th 


ntists a 





2 July 





plain this 
definitiy 
PPEeStiOns 


Inence 





\f vave Theory and Techniques, H. J. Reich et al 
Van Nostrand). Reviewed by Anthony B. Giordano. 
Australian and New Zealand Botany, John McLuckie and 

H. S. McKee (Associated General Publ.). Reviewed by 










No mat. 
Harriet B. Creighton. 
) , ; ; . P 
lot con Protozoaires: Rhizopodes, Actinopodes, Sporozoaires, 
ell as n Cnidosporidies, Pierre-P. Grassé, Ed. (Masson). Re- 





viewed by William Balamuth. 

Renal Function, Stanley E. Bradley, Ed. (Josiah Macy, 
Jr. Foundation). Reviewed by A. V. Wolf. 

British Veterinary Codex 1953, Council of the Pharmaceu- 
tical Society of Great Britain (Pharmaceutical Press ) 





sclentis 





1e drives 
which hy 
m many 












not quit Reviewed by John E. Martin. 

he does Microwave Lenses, J. Brown (Wiley; Methuen). Re- 
does not viewed by H. Y. Fan. . 
as Hydrocarbons from Petroleum, Frederick D. Rossini, 
me Beveridge J. Mair, and Anton J. Strieff (Reinhold). 






Crentists Reviewed by Gustav Egloff. 


















. an eX- 
» age / 9 July 
ory, but Cell Chemistry, Dean Burk, Ed. (Elsevier). Reviewed by 
ndustri- Sidney P. Colowick. 
> long Signal, Noise and Resolution in Nuclear Counter Ampli- 
onshiy fiers, A. B. Gillespie (McGraw-Hill; Pergamon Press 
Reviewed by W. C. Elmore. 

an, th A Bibliography of the Research in Tissue Culture: 1884 
a mal to 1950, vols. 1 and II, Margaret R. Murray and Ger- 
of out: trude Kopech (Academic Press). Reviewed by Philip 
al ont R. White. 

Manuel de Paléontologie Animale, Léon Moret (Masson). 
eabusie Reviewed by Joel W. Hedgpeth. 
sof th Electrostatique et Magnétostatique, Emile Durand ( Mas- 
pieces son). Reviewed by William Fuller Brown, Jr. 





lhe Furans, A. P. Dunlop and F. N. Peters (Reinhold 


Reviewed by George F. Wright. 





yreatel 








provi 
hen 

rie tl 16 July 

ultiu . , . 

ruit Antiseptics, Disinfectants, Fungicides, and Chemical and 












thei Physical Sterilization, George F. Reddish, Ed. (Lea & 
dirt,” 'ebiger), Reviewed by Philipp Gerhardt. 

upon l Chemical Structure of Proteins, G. E. W. Wolsten- 
— Ime and Margaret P. Cameron, Eds. (Little, Brown 
“ Reviewed by Milton Levy. 
hood Contributions to the Theory of Rtemann Surfaces, L. 
riah ilfors et al., Eds. (Princeton Univ. Press). Reviewed 

\rthur Rosenthal. 

are \ ns Elémentaires de Chimie Générale, Paul Pascal 
alyit Masson). Reviewed by Beverly L. Clarke 





mber, 1954 


x ae 





tity and quality are correlated, although they are 
not identical. 
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or 8 out of 12 months, the survey 
sritain’s Hydrographic Department 
Royal Navy are out at sea collecting da 
the ever-changing sea bed. Some of the 
like H.M.S. “Cook” (left), the latest of , 
commissioned, operate in home waters, Ot! 
are stationed in the Mediterranean, Red § 
Persian Gulf, and Far Eastern waters. H.M<§ 
“Challenger,” a special oceanographic ves 
holds the record of obtaining the deepest sp 
men taken from the bottom of the ocean 
dish clay brought up from 5744 fathoms 


Surveys of deep waters are covered by the ships; 


surveying motorboats, equipped with echo-sound- 
ing apparatus and radiotelephone, are used in the 
shallows. A boat-sounding party from H.M.S 
‘Cook” (right is seen fixing the motorboat’s 
position with sextants. This is done at frequent 
intervals as the boat proceeds along a line. 





When the need for a resurvey of an area 
the Hydrographer of the Navy at the Adn 
issues “Hydrographic instructions” to the s} 
selected for the task. If no triangulation 
exist in the operational area, one is creat 
the ship’s company. Here, for instance, a fl: 
beacon is being hoisted on board H.M.S. “Cook 
The floating beacon, an anchored buoy 
flagpole, serves as a triangulation point 
which the positions of soundings taken m 
fixed. 





Stripping they} 
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ia “% e no ordnance survey marks, such as a 
res ee hurch spire, a pole, or conspicuous tree, on shore 
“a0 aa mn the area to be « harted, a party is sent from the 
re urves p to establish one. At the right, an 
rs. Othe fice d two of his crew from H.M.S. “Cook 

Red § bre seen hoisting the specially ere ted flag used as 
s. HMs fp tlerence ordnance survey) mark. During the 
a “a months when the surveying ships are being re- 
Dest sp ‘tted, officers are loaned convenient offices in the 
cit lock-vard where they produce “fair charts” from 
" e operational ones. |All photographs by courtesy 


British Information Services.] 


From the sounding boards, used in the surveying 
motorboats, the information is transferred to 
charts in the chart room (left) aboard the sur- 
veying ship. More important discoveries are trans- 
mitted at once to the Hydrographer of the Navy; 
the remaining data are sent to the Chart Branch 
of the Hydrographic Department at Cricklewood 
London 


wae »\t Crinklewood a small naval staff and a large 
© ship fe umber of civilian hydrographic officers collate 
noints the information received, issue notices, light lists, 
ad ind sailing directions to mariners, and keep up- 
loating records of the charted seas. Some half- 
100k 1 documents are stored in the archives. The 
yish the Coasting Pilot of Great Britain, was 
from [a ed by Captain Grenville Collins during the 

r f Charles II. Admiralty charts were first 


vailable to the Mercantile Marine and the 


n 1823, 
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Reviews of Books and Recordings 


The Challenge of Man’s Future 
Press, New York, 1954. xii 


. Harrison Brown. Viking 
290 pp. Illus. $3.75. 


HE necessity of a planned and stable world popula- 

tion is argued in Brown’s book. Extrapolating from 
present knowledge of populations and food, energy and 
mineral resources, it discusses various biological and 
technical problems associated with this stability. The 
gravity and difficulty of these problems are very clearly 
expounded. 

The author briefly sketches the evolution of man 
through the agricultural and industrial ages, emphasiz- 
ing the interdependence of world populations, food, 
energy, and materials. The chapter on “Vital statistics” 
contains various demographic information on our chang- 
ing world society, including the influence of medical 
sciences on the growth and aging of populations. The 
chapter on food reviews the principal sources of man’s 
food and estimates the foreseeable potentiality on the 
earth’s surface. The ever-increasing demand for energy, 


along with estimates of fossil, solar, and nuclear energy, 
A chapter called 


“Things” describes other material resources needed by 


is discussed in another chapter. 


man, with estimates of their future supply and demand. 

Many sections of the book, especially the last chapter, 
“Patterns of the future,” are what the dust jacket de- 
scribes as “startling and . . . hair raising.” Brown sees 
three possible future patterns of life. The first and most 
likely, according to him, is a reversion to an agrarian 
existence. The second is a completely controlled, col- 
lectivized industrial society. The third possibility, that 
of a world-wide, free industrial society in which men 
can live in reasonable harmony with their environment, 
is, in his opinion, difficult to achieve, difficult to main- 
tain, and could not last for long. 

Because of Malthus’ insufficient knowledge of the 
potentialities of technological development, the author 
justly criticizes Malthus’ prediction of disaster for man. 
However, with 150 years more of rich technical develop- 
ment behind him, Harrison Brown appears to be making 
the same error, for nowhere in the book is any confidence 
shown in advancements through basic research. To be 
sure, in his extrapolations he allows for improvements 
in efficiency through engineering, but nowhere does he 
allow for the possible discovery of new sources com- 
parable to the discovery of the utilization of fossil, solar, 
or nuclear fuels. Nowhere does he express the faith that 
the same intelligence that discovered our present fuels 
could also find energy sources in the sands, seas, and air 
around us. 

Although Brown is most convincing in describing the 
truly great gravity of the material problems in the future 
for man, he lightly passes over other attributes of man 
in emphasizing man’s biological appetites. The intel- 
lectual and spiritual appetites of man also present grave 
and challenging problems for man’s future. Brown’s 
equations of population, food, and energy do not allow 
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This is 


for these intangible qualities of mind and spirit, ; 
is this omission that raises questions concerning ; 
merit of the author’s implied recommendations to 4 
government on foreign policy, to the clergy on 
influence on demography, and to young lovers on |, 
Harry (©, Kp 
National Science Foundation, Washington 25, D, ( 


A History of the Theories of Aether and Elect 
Sir Edmund Whittaker. Philosophical Library, \ 
York, 1954. xi+ 319 pp. $8.75. 


ROM 1900 to the late 1920's physics under 

a revolution perhaps more profound and cert, 
more violent than had been witnessed since the day 
Galileo and Newton. The historian of this period | 
a unique opportunity. Not only does he deal wit 
time of dazzling achievements, but in the swift prog 
of science he can already begin to assess those achi 
ments in historical perspective while many of the py 
ticipants and eyewitnesses are still available to hi 
Indeed, Sir Edmund Whittaker has himself been in ¢ 
thick of the battle. An outstanding mathematician an 
theoretical physicist, he has been the teacher of 
generations of physicists through his treatises (for «. 
ample, Analytical Mechanics). Now an octogenat 
he has shown in his recent writings the same vig 
excellence of style, and historical interest that dis 
guished the first volume of the present work (pu 
lished 1904, revised 1952), which dealt with pre-|! 
physics. 

This second volume deals with the early nu 
atom, the theories of special and general relativi 
quantum theory, matrix and 
chanics. The book serves three purposes. Primarily 


mechanics wave 
is a physics textbook, a 310-page review in which tl 
main mathematical steps are briefly given on a 
equivalent to that in graduate physics courses. Sec 
it is a chronology of recent physics. About 1000 dat 
references testify to Whittaker’s thoroughness and d 
cation to his gigantic task. Finally, the book atten 
to provide a historical discussion of main developme: 
As was perhaps inevitable within the space limi 
tions, this last is the less successful part. For examy 
Lindsay and Margenau’s Foundations of Physics ti 
more valuable material. Moreover, the book sufe 
from some interesting biases, as is demonstrated 1 
clearly in the chapter on the theory of special relatiy 
which is entitled “The relativity theory of Poinca' 
and Lorentz.” Einstein’s historic first paper on relat 
is introduced as follows: 


In the autumn fof 1905] Einstein publishe: 
a paper forth the relativity theory ‘ 
Poincaré and Lorentz with some amplifications, an 
which attracted much attention. 


which set 


not a studied understatement, but rey 
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jittaker » evaluation. Of the 50 pages in the chapter, 













rely tl discuss Einstein’s work; the phrase “Ein- 
y's special theory of relativity” is never used in the 
spirit, and gmpok—it simply is Poincaré-Lorentz relativity. 
ncerning AM More scriously, one reads “The study of relativistic 
tions to ajflnamics was begun in 1906” by Planck, which ignores 
rev on th e equations of motion in Einstein’s 1905 paper. 
VETS On lopfmmilarly, the famous equation for kinetic energy be- 
C. Krrdfmes “Planck’s Equation of 1906.” Regarding E = mc?, 
9, D, ( e read that Einstein 
suggested the general conclusion, in agreement 
Elect, with Poincaré, that the mass of a body is a measure 
ibrary. N of its energy content. 
© BBoain, the crucial point is omitted: Einstein’s prede- 
ssors had in mind the inertia of electromagnetic 
Underwerfii erey, whereas he generalized the concept to include 
id certainlifther forms of energy. In short, one misses a simple 





the davs 





atement of facts which now are beyond controversy: 
Bhat it Einstein’s on the fundamental 
nportance of the invariance of all physical principles 
1at helped to rebuild physical science in a new and 
ruitful way; that it was his work of 1905 that catalyzed 





Period hy was insistence 





leal wit} 





ift progres 





SE achieve 











of the puhe conceptual merger of space and time, and of mass 
“ ad hind energy; and that it was his influence, both scien- 
een In tgMfitically and philosophically, that shaped in large part 
AtClan anifi/#he mode of contemporary scientific thinking. 

11 of tW Whittaker may have two reasons for underemphasiz- 
'S (for ene Ejinstein’s special relativity. He rightly wishes to 






logenanaififemind us of the background of famous theories that 




























ime vigoi@re popularly supposed to have sprung full-grown from 
hat distinfiithe pen of one man. But the other, more disturbing 
ork (pubflMeason is perhaps an unwillingness to note the full effect 
1 pre-l9/ Bhat Einstein's work had after 1905 on the conception 
of the aether. In his previous volume, Whittaker wrote 
Y nuctea toward the close of the nineteenth century, 
relativit chiefly under the influence of Larmer, it came to 
vave me be generally recognized that the aether is an im- 
Imarily material medium, sui generis. 
which thi his conception is evidently carried over into the 
an lev new book; the aether still lurks behind the scene in its 
. Second function to make space, if not material, at least physi- 
YOO date gcally real. But precisely here lies the philosophical dif- 
and ded Hference between Lorentz and Einstein. Before Einstein, 
attemy gthe Lorentz transformations were mathematical ma- 
lopmen! Pupulations superposed on a classical theory of me- 
e limite chanics and electromagnetism in which an aether of 
€xampic Hy Some sort was implicit. Einstein, on the other hand, had 
ysics had the audacity to demand that physics be built around 
k suffer these transformations as core elements, sacrificing the 
ted mos physical meaning of aether, of the FitzGerald con- 
elativit Bt action, and of the absolutes of space, time, velocity, 
Poincar pind simultaneity. 
relativif% From this conception, Lorentz and his followers re- 
\s late as 1914, Lorentz said 
lished \s far as concerns the lecturer, he finds a certain 
a Satistaction in other conceptions, that aether pos 
s, and sesses at least some substantiality, that space and 
can be sharply separated, that one can talk 
inultaneity without further specification 
prest rdict of history has been against Lorentz. ‘To 
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the 


omit not only the verdict but even a discussion of 


problem itself is to leave an important gap in the 
history of physics and especially in the work entitled 
A History of the Theories of Aether and Electricity. 
The author has promised a third volume, which will 
bring the development of physics to 1950. One may 
hope it will include discussions of Eddington’s funda- 
mental theory and of the British cosmological theories. 
In spite of the reservations mentioned, the three vol- 
will surely establish themselves as a 


umes together 


unique survey of modern physics. 


GERALD HOLTON 


Department of Physics, Harvard University 


Two Roads to Truth. A Basis for Unity under the Great 
Tradition. Edmund W. Sinnott. Viking New 
York, 1953. xii+ 241 pp. $3.50. 


Press, 


LL thoughtful persons realize that our great West- 

ern tradition of culture has two distinct, diver 
cent roots, the classic root of Rome and Greece and the 
religious root that traces back through the early Chris 
tian Church to the Hebrews. Strangely blended in the 
Renaissance, these two currents of thought have often 
clashed in such outright combat that the unity of West- 
ern culture has been imperiled. Today, as critically as 
in the 18th or 19th centuries, although in new guise, the 
cleavage threatens to become catastrophic. On the one 
hand are those who exalt “religion, the tradition of the 
spirit,” as the guiding force in life; on the other, the de- 
and increasingly powerful 
It is 


votees of the relatively young 
force of modern “science, the tradition of reason.” 
this breach that alarms E. W. Sinnott, and he calls on 
us to heal it. 
The book iS ‘ 
eloquent plea for its solution. Sinnott, at least for him 
self, has found a way to advance toward truth by both 
roads, in the conviction that ultimate truth is one, that 
true religion and true science cannot conflict, and that 


1 clear analysis of the problem and an 


each can speak in areas of life where the other lacks com- 
petence. He calls for greater tolerance and a mutual ap- 
preciation of the contributions made to life by both sci- 
ence and religion. . the Great Tradition main- 
tains that both Reason and Spiritual Insight are valid 
means for reaching truth. ... Man is a creature of both 
mind and spirit, and destined to be the battleground be- 
tween them. . . . Reason and spirit are the pillars that 
support our Great Tradition. They must both be strong, 
but neither can be so without the other’s help. Between 
them they hold up the hopes of man today as he strives 
to fulfill his splendid destiny.” 

In spite of fundamental sympathy for this position, 
and in spite of Sinnott’s courageous discussion of 
such prodigious problems as determinism and freedom, 
mind and body, and the existence of 
a doubt that the ultimat 
More than a cen 


Evolution shat 
alike, the scien 


COSTING purpose, 


one may nevertheless confess 


conflict will be allayed in most minds 
Theory of 


tury and well before the 


tered old faiths, religious and scientific 


tists who believed in Divine Providence were already face 
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to face with the dilemma. The vaster the realm of na- 
tural law in time and space, the greater might one con- 
ceive the Power and Wisdom of Providence to be, but 
so much the less any need for His direct intervention in 
the management of affairs. A First Cause, Yes; but a 
present, active Deity, No. Yet the latter is what religious 
faith still means to most people who cling to the religi- 
ous pillar of our Great Tradition. A God immanent in 
His Creation, as mind is united with body, may be a be- 
lief that a scientist can readily accept; but it is the per- 
sonal God that is the crux of the Christian tradition. 
When, moreover, one considers the absurdities that 
have been believed in times past by religious leaders 
who fully thought themselves to be guided in belief by 
virtue of spiritual insight, it is hard to see how any faith 
in spiritual insight as a road to truth is to be maintained. 
No doubt real spiritual insight exists, but how distin- 
guish it from imposture without and prejudice within? 
Is it not likely that conscience, the instrument of spirit- 
ual insight, is itself a product of man’s evolution, an es- 
sential piece of the fabric whereby natural selection has 
made of man a social creature? If man’s ethics and con- 
science, his whole moral and spiritual nature, are prod- 
ucts of evolution, like the rest of him, they may indeed 
afford a reliable guide to what was good under the con- 
ditions of the past wherein they were evolved; but now, 
conditions being so vastly different than in prehistoric 
times, only reason remains as guide for present and fu- 
ture. Reason—and a profound faith. 
BENTLEY GLASS 
Department of Biology, The Johns Hopkins University 


Europe and America Since 1492. Geoffrey Brunn and 
Henry Steele Commager. Houghton Mifflin, Boston, 
1954. xiv +907 pp. Illus. + maps. $6.75. 

NEW textbook by authors of distinction does not 

guarantee a work of high quality. It too often is 
merely a re-edited compilation from other writings by 
the same authors, with little that is original except the 
title and the pattern of organization. Not so with this 
book. Most of its narrative and descriptive subject mat- 
ter is familiar historic information, but it is put in a new 
framework that suggests new implications. Novel rela- 
tionships of facts make possible a different emphasis and 
lead to some original conclusions. This volume stimu- 
lates a new appreciation of the role of the New World, 
and especially of the United States, in the history of 

Western cultural progress. 

Even without the urgency of our recently enhanced 
“leadership” in world affairs, it is time that the sharp 
distinction between European and American history is 
bridged more specifically than has been traditional in 
our college history textbooks. To write of the develop- 
ment of American politics and culture highlighted 
against a background of European history is, of course, 
not new, but this book does more than that. The central 
America 


theme is found in the foreword, “. neither 


nor Europe can properly be studied without perpetual 


awareness that both are parts of a global community.” 
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The authors make this “awareness” real, \ 
dramatic. 

Brief, in relation to its scope, but basic, in its 
of materials and its emphasis, this book is a n 
of condensation and integration. This quality 
hard going in spots for the casual reader an 
for the average college undergraduate, but 
sustained throughout. Attention to the impact 
upon ideas (such as the effect of machinery uy; 
century thought, for example 
rative and gives spirit and significance to a re 


pervades the w 


comprehensive historical survey. A political fi 
serves as a support for cultural history rather t! 
shadowing it. Like any capable child of substa: 
ents, the United States of America owes deep 
the cultural traditions of the European continen 
the British Isles, but it has also forged beyond those | 
ditions, has modified and added to them. The ext 
which this is true has not been better indicated th; 
is in this volume. The illustrations and maps are 1 
ingful, the format is excellent, and a carefully sel 
bibliography, arranged topically, adds greatly to th 
fulness of the book. 

Mark M. H 


Department of History, Rutgers University 


Irving M. Copi. Macmillan, 
355 pp. - oe 


Logic. 
1954. xii 


Symbolic 
York, 


HIS is a textbook designed for a one-yeal 

as a conservative but modern introduction to s\ 
bolic logic, for undergraduate and graduate stud 
Most of the theory is illustrated by numerous « 
and supplemented by adequate exercises. The first { 
of these nine chapters should come within the uw 
standing of any industrious student. The drill in tra 
lation and formal manipulation is particularly effect 
save in case of truth tables. (The author could \ 
have followed the excellent scheme of Quine 
Mathematical Logic, 1940.) The description of th 
gistic method is excellent. Although relations ar¢ 
cussed extensively, classes are relegated to a minor : 
pendix. Gédel’s theorem is covered in half a sente! 
Multiple-valued logics are dismissed briefly. \ 
elementary systems are treated in some detail, includ 
the Hilbert-Ackermann system, Lukasiewicz’s notat 
the Peirce-Sheffer-Nicod system, and a new syst 
first-order functions. The discussicn of “deductiy 
tems,” is detailed and free of common errors. The to 
of induction in natural science is dismissed as outs 
the scope of this text. The treatment of metalanguag 
syntactic Nothing is 
concerning modal logic, extension and intension 


and semantic, is admirable. 
notation and denotation, or existence, but the m« 
of the decision problem is made clear. Althous 
author describes the traditional “square of Oppos 
the old-school logician will find here scant refere: 
the historic logical fallacies still rampant in dail 
putation. The author seems to drop his avowed 


> 


nition of “meaning” for “proposition” (p. 
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, vivid, eg ssion” (see p. 68), or “sequence of words of 
—_ Englis p. 183). The ambiguous word “any” is used 
VUES selectigg extensively, without discussion, (on p. 76). But one 
ong ‘erp place “any” by “all” or “every” in say exer- 
wed lakes i ice 4, page 95, “If any diamonds are large. .’ This 
and perh does not accept the proffered symbolization 
it interes vit} Ix),” in the middle of pages 93 and 94. But 
wer OL en es y be rare misprints. 
y upon ALBERT A. BENNETI 
> Whole B niversity 
remark 
fi new 
r thar Dyna and Abnormal Psychology. W. S. Taylor. 
tantial ne {merican Book, New York, 1954. xiv + 658 pp. $5.50. 
i debt | HIS book is dated. The problems and the concepts 
me et up are, for the most part, recognizable as those 
d those t quarter-century ago. The historical treatment of 
Pn sychoanalysis brings it down only to W. A. White. The 
ted tha lvnamic psychology” part of the book includes list- 
are mi gs of all sorts of urges presented descriptively in a 
ly e | ner reminiscent of Thorndike and with no recogni- 
Co the f latter-day studies of motivation (such as need- 
eduction), experimental or other. The treatment of 
M. Hi ction starts in part from the notion of a resuscitated 
o-motor action. 
Ihe “abnormal psychology” chapters include those 
—— ntitled ‘Association,’ “The subconscious,’ and “Sug- 
4 estion’’—all reminding one of the abnormal psychology 
f the French Janet school and of Morton Prince. There 
ar superficial handling of a few modern-sounding 





and much too great 


as J. J. B. 


ics, such as “‘reactions to stress,” 





nN to sy 





nce upon other college-level textbooks 
























Student ! 
exam} Morgan’s 
Geet { In style, the book is decidedly readable, at least the 
e und many concrete examples, ranging in length from a single 
in tra sentence to many paragraphs, which crowd the pages 
effectir i a way, then, here is a perfect mine of interesting 
uld we ncidents and illustrations; if one reads for them rather 
e in in for any clear organization or for any acquaintance 
F thy vith research atmosphere, he will be vastly rewarded. 
are ( lhe author has evidently read very widely, at least 
inor n the older literature, for more than 1100 numbered 
enter tnote references are included. There must be as many 
Va chapter-end references, which often are not arranged 
cludin either chronologically or alphabetically 
otatior lo the prospective reader, then, | would recommend 
tem lavlor’s book as a compendium of interesting incidents 
ve s ceases but distinctly not as an introduction to con 
e tor temporary dynamic or abnormal psychology. 
outs Joun F. Dasuteci 
ruag tment of Psychology, University of North Carolina 
is sa 
se 
i lmerican in Europe: The Life of Benjamin Thomp 
a Count Rumford. Egon Larsen. Philosophical 
. rary, New York, 1953. 224 pp. $4.75. 
cl i 2 ENJAMIN THOMPSON, Count Rumford, is 
dis H ) known as the scientist whose work on heat was 
del ; ionary, and who first demonstrated the con- 
- lity of energy. This book gives a picture of the 





nber, 1954 





man, in many ways personally obnoxious, who was none 
the less a genius, and who served the public welfare in 
eighteenth century England and Bavaria with lasting 
distinction. The book is simple, brief, and extremely 
interesting. It the facts 
Rumford against the changing backdrop of the Ameri 


can Revolution, the Napoleonic Wars, and the French 


directly, and describes 


gives 


Revolution. 

Born near Boston two hundred years ago, Thompson 
early developed habits of self-discipline that played 
their role in his emergence as scientist, inventor, and 
administrator. Handsome, daring, he lived by his early 
maxim never to allow an opportunity for advancement 
to escape him. A majority in the Second New Hamp 
shire Regiment was followed by a period of doubtful 
loyalty to the Revolutionary cause, activity as a secret 
agent for the Crown, an escape to London, and ap 
pointment as “Secretary of the Province of Georgia 
(Three vears after his arrival in London he was elected 
to the Royal Society. 

After being knighted by George III, he went to Ba 
varia where he became in time Minister of War, Min 
ister of Police, Major General, State Councillor, and 
Imperial Count. In Munich he established a Work- 


house for beggars (there were 2600 in a town of 60,000 

a model institution that took beggars off the streets, and 
provided “warm rooms, a good warm dinner every day, 
and work for all condition to labour.’ 
The feeding of the inmates was based on Thompson’s 
scientific findings. His kitchen 


standards in the efficient use of heat. 


who were in 


range introduced new 
His pet creation, 
a potato soup, is still popular in Germany, as Rumford 
soup, and played its part in popularizing the potato in 
England. In Munich, too, he built the English Garden, 
thus converting a wild, neglected marsh along the Isat 
into a beautiful park. 

Returning to England, he was largely responsible fot 
the establishment of the Society for Bettering the Con 
ditions of the Poor, and for the founding of the Royal 
Institution. This was conceived by Rumford as a center 
to teach the application of scientific knowledge to the 
“useful purposes of life: it became a center associated 
with some of the most illustrious names in British 
science 

Thompson died in Auteuil in 1814. He 
scientist and a great philanthropist. But in his personal! 
life he was arrogant and selfish, and in his philanthropy 


A fascinating man 
MINA 


great 


Was a 


he was always condescending 
Ret 


Dean of Facult) 


Hunter College of th 






tures rna Pinner. Philosophical Library 
56 pp Illus. $4.75 


Curious Cre 
New York, 


1953 


whole class of books about natura 


HERE is a 


history produced by what has been referred to 
as the “Oh My School” of naturalists. Such books have 
titles like “Marvels of Nature,’ ‘“‘Wonders of Animal 
Life,’ or “Animal Curiosities.” Curious Creatures is an 











extreme of this type. Even a museum curator’s tolerance 
for emphasis of the more spectacular developments of 
evolution, which often enough do illuminate some 
zoological problem or process, is outraged by the abrupt- 
ness of Miss Pinner’s transitions from one marvel to 
the next. For example: “In contrast to the Water spider, 
the Small Spotted Dogfish . . . does not build an 
actual nest” or “It is a far cry from the elegant and 
attractive Harvest Mouse to the humble Dung Beetle” 
or “It is a long jump from the African Short-Headed 
Frog to the South American Water Tortoise.” Thus we 
are made to pass from one animal phylum to another 
and from one continent to one on the other side of the 
globe, from one incongruous juxtaposition to the next. 

Most of the curiosities of structure or habit set forth 
and illustrated are reasonably authentic, but precisely 
in my own field of competence (herpetology) there 
are curious misinterpretations in both text and figures. 
The male Darwin’s frog is said to have a pair of external 
vocal sacs, and to take up the eggs into them, as brood 
pouches. Actually, the vocal sac is single and internal 
and the tadpoles are taken up into it after they have 
hatched. The drawing to accompany this phenomenon 
is evidently imaginary. Equally imaginary is the drawing 
of a basilisk lizard in its bipedal running position. This 
lizard assumes a beautiful and natural pose in running 
on its hind legs, with the long tail extended as a 
balancer. The source is mentioned for some of the 
figures drawn directly from famous photographs, but the 
list should have included Brehm’s Tierleben. It must 
be observed that the copies are much the best of the 
illustrations. The account of the Carolina box turtle is 
curiously garbled, and supplied with a figure of a 
water-tortoise. As for the bat that came to rest on the 
back of a bull frog, the author appropriately remarks 
that “Behaviour, like structure, presents many different 
and speculative features which often appear to the 
uncomprehending humans nothing more than mysterious 
phenomena of Nature which remain unanswered riddles 
exciting our curiousity.” 

The author and editor were extremely ill-advised 
in their capitalization of common names of animals, 
which gives the whole text an extraordinary appearance 
of being addressed to juvenile readers. In fact, much 
the best thing to be said for this new compilation is 
that it is suitable for young children whose parents are 
not zoologists. 

Kart P. Scumipr 
Chicago Natural History Museum 


Sounds of the American Southwest. Science Series, No. 
FPX 122. 12-in. double-faced record 334 R.P.M. 
Folkways Records and Service Corp., New York, 
1954. $6.95. 


T is most gratifying that Charles M. Bogert followed 
his ecologist’s instincts in making this record instead 

of confining his interests to the voices of frogs and toads, 
which belong to his special field of herpetology. He put 
into his tape recording the noises characteristic of the 
Chiricahua Mountain region, noises made by mammals, 
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birds, frogs (including toads), rattlesnakes, and beet}, 
not forgetting to include the whirr of a hummingbird’ 
wings, the crashing roll of thunder in the mountaj 
and the rush of a flash flood in a mountain canyon 

Moving on to Tucson, he added other animal sound 
and then still more frog voices from California. Thy 
turned up what was certainly to be expected—disti: 
tive and constant differences between the voices of for 
so closely related as to have been assigned to the sap 
species. Thus the canyon tree frog of Arizona has 
voice resembling the trill of the common eastern tr 
frog; and what was supposed to be the same cany 
tree frog in California gives forth a simple success 
of quacks. 

Bogert has written a carefully scientific commentar 
to accompany the record, discussing the meaning a 
function of the animal sounds recorded. It is quite e 
dent that we have entered a new era of study, especially 
in ornithology and herpetology, in which a tape recordey 
becomes a part of the equipment of the field naturalis 
and records of bird and frog voices must be added t 
the libraries of those who study these creatures. 

Karz P. Scumn 
Chicago Natural History Museum 


The Mockingbird Sings. 10-in. double-faced record 
R.P.M. Cornell Univ. Records, Ithaca, N.Y. $2.5 


T is more than 40 years since I first heard a bir 

voice recorded for the phonograph, in what pr 
ably was one of the earliest attempts at bird-voice 1 
cording. It was the song of a caged European night 
gale, the bird so famous in the literature for its melod 
ous voice. I was astonished to learn that the thrush 
of our Wisconsin forest, with so much less reputatioi 





were so much superior as songsters. 

The improvements in sound-recording apparatus that 
now make possible records of the songs of wild bird 
have brought about a real enrichment of natural history 
Among American songbirds, the first to be singled out 
for an individual record is appropriately the mocking 
bird. The mockingbird’s vocal performance and capa 
ity for imitating the songs of other birds give it its name 
and its literary reputation in America almost corr 
sponds to that of the nightingale in Europe. 

To naturalists it is the more appropriate to single ou! 
the mockingbird for this distinction because it is so ex 
traordinarily widespread. Thus, the voice of a wester 
subspecies is represented in the new Asch record, Sound 
of the American Southwest, recorded by my colleagu 
Charles M. Bogert. The range of the mockingbirds 


using the name for a group of forms readily recognized 
as closely related) extends over two-thirds of the U1 
States, from the Atlantic to the Pacific, and then 
southward where various races and closely related species 


are known through most of Mexico, Central America 
and South America. W. H. Hudson writes of hearing ! 
in Patagonia, where the native mockingbird seeme 
him to be the premier songster, as ours is to us. Oul 
eastern mockingbird appears to have spread. steadt!) 
northward since the turn of the century. 


THE SCIENTIFIC MONTHL’ 








and 


Mountains 


canyon, 

mal sound 
ria. The 
‘d CUSting 


€S OL form; 
oO th san 
‘Ona has 4 
astern tre; 
Me Canyoy 


SUCCESS); 


mmMentary 
aning an 
quite ey; 
especially 
eC recorder 
naturalist 
added 
Ss. 


Scumip) 


ecord 


$2.50 


d a bir 
at prob 
VOICE Te 
nightin 
melod| 
thrushes 
yutation 


itus that 
Id birds 
histor 
led out 
locking 
capa 
s name, 


corre- 


gle out 
SO ex 
vestern 
Sound 
league, 
gbirds 
gnized 
Tnited 
thence 


pr Ces 





€etles 
NMingbird’, 


s record, with its natural song of the mocking- 
imitations of other birds, does not exhaust 
of our songster’s capacities, which include 
dl barnyard sounds and even the squeaking 
i wheelbarrow. 
Kart P. Scumipt 
hicace Natural History Museum 


Bird Songs, 10-in. double-faced record, Com- 
Publ. Associates, Ithaca, N.Y. $2.50. 


rid 


STOCK 


Included, with commentaries, are the mockingbird, 
cardinal 


hvory-billed woodpecker, Florida sandhill crane, lim»p- 
Ekin. barred owl, and chuck-will’s widow. 


Florida wren, bluejay, boat-tailed grackle, 


Wild Flower Ily- 
Edith Farrington Johnston. Mac- 
180 pp. Illus 4 


The Macmillan Sook. Clarence J. 
Illus. by 


New York, 1954. xv 4 


lander 
millan, plates. 
S15 

ODERN_ botany with the herbals, but 

like the children of immigrant parents, ashamed 
be caught speaking the old mother-tongue, the mod- 
at least when he is teaching his subject 
to beginners—is inclined to slight mother-tongue. In- 
tent on teaching the newer more fashionable language 


began 


ern botanist 


of genes, mitochondria, and intermediate metabolism, 
he skims over the material that most people want most 
to know about plants—what they look like and what 
they are called. Now there is nothing wrong with the 
details of biochemistry, genetics, and microscopic anat- 
my; they are profoundly important matters of knowl- 
edge in the world of today. But, except for the spe- 
alist, what is taught about them is largely symbolic 

md often several removes from the phenomena them- 
vlves. As a re at of departure for the aesthetic appre- 
e and even the beginning of scientific 

sdom, -nole visible, tangible living plant is better. 


nstinct to understand first those things we can see, 


hear, feel, taste, or smell is the stuff science must begin 
witl 

lt is comforting therefore to note that the herbal, 
suitably improved by our modern knowledge and _ skill 


iinus its original utility as a pharmocopeia, is still 
with us. In 1953 appeared the Wildflowers of Western 
Pennsylvania and the Upper Ohio Valley, by Jennings 
and Avinoff, a superb work in the magnificent tradi- 
tion. Appropriately it was done in Pittsburgh which 
houses one of the world’s great collections of botanical 
illustration, that of Mrs. Roy A. Hunt $60 
however places it out of reach of the usual amateur. 


Its cost 


\lso published in 1953 was the more modest Wildflowers 
erica, by Ricketts, a colored assembly of the more 


icuous and attractive conifer and angiosperm 
f s one Is likely to meet in various parts of the 
ry. Now comes the Macmillan Wild Flower Book, 
W oreword and brief descriptive material by Clar- 
|. Hylander and colored illustrations by Edith 
‘ton Johnston. It is confined to herbs and flower- 


rubs, essentially within the range of the latest 
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edition of Gray’s Manual, whose nomenclature it fol 


low Ss. 
The 


essential information about plant parts and their modi 


introduction is a brief statement of the more 


fications of the kind that was once widely available in 
Plants 


tions are of paragraph length, clearly and tersely writ 


schools using Gray's Hou Grow. The descrip 
ten, and emphasize the more obvious field characters 
and give general ranges. 

The plates are excellent, lifelike, clearly recogniz 
able, and beautiful from the standpoint of design. The 
limitations of water-color painting, rather than colored 
effect 


of the color process used and the absence of enlarged 


drawings, combined with the somewhat mellow 


detail figures may not satisfy the professional taxono 
mist. They are not intended to. He has facilities of his 
the the book, the 


seem to me to be ideal. They convey an authentic im 


own. For purposes ot illustrations 
pression of the plant as a whole, what the average bot 
anist himself sees and uses unless he resorts to hand lens 
and laboratory. For the traveler, the novice, and even 
as an aide-memoire to the professional, The Macmillan 


Wald Flowe? Book 


furnishes the kind of material with which plant science 


will have an important place. It 


must start if it is to win friends and neophytes. My 
impression is that it can use both. 

Paut B. Sears 
Conservation Program, 
Yale University 
Die Botanische Buchillustration. Ihre Geschichte und 


Bibliographie. Claus Nissen. Hiersemann, Stuttgart, 


1951. vii + 688 pp. (2 vols. bound together). DM 120 


UBLICATION of this erudite work, the preparation 
of which occupied its author for 10 years, is an event 
make the 
literature in their field. For the purposes of his study, 
the 


of note for botanists who use of illustrated 


Nissen has examined botanical literature in great 


detail, including even textbooks and periodicals insofar 
as their scientific worth or the artistic merit of the illus 
trator warranted. 

lhe first volume details the history of botanical illus 
tration in chronological sequence from antiquity to thi 
present; the more famous illustrators are discussed at 
considerable length. For modern times, starting approxi 
mately with the beginning of the 18th century, the dis 
cussion is arranged by countries. The influence of out 
standing botanical artists upon one another, their 
relationships with the scientists with whom they worked, 
and the part played by various printers and publishers 
who produced their work are interestingly detailed. 


Volume II, the 


compilation. For the main part, it is an index of works 


sibliography, is much more than a 


arranged by authors, with details concerning the artists 
lithographers, printers, and so forth. Also included are 
valuable bibliographic references for many of the au 
thors. Following this main index, a similar one pertain 
ing to periodical literature is supplied. The total num 


ber of works listed approaches 2400 and would seem to 


19] 











cover very thoroughly the botanical literature illustrated 
by means other than photographs, although photo- 
graphic illustration also is given brief consideration. 
The work is thoroughly indexed, according to (1 

artists, (i1) plants, (iii) countries, and (iv) authors. 
Che second and third of these indexes, listing the works 
by plant groups covered and regions treated, are per- 
haps too general and incomplete to be very helpful, 
but the index to artists in particular is thorough and 
extremely useful. The entire undertaking has been car- 
ried through with the utmost care and demonstrates 
painstaking scholarship; the resultant work should be on 
the shelves of botanical bibliophiles as well as on those 
of all botanical libraries. 

A. C. Snuirn 
Department of Botany, U.S. National Museum 


Washington, D.C 


CGalatheas Jordomsejling 1950-1952. A. F. Bruun et al., 
Eds. J. 


pp. 1 map 


H. Schultz Forlag, Copenhagen, 1953. 306 


in Danish 


N this profusely illustrated book, a popular review 

is given of the background history, the course, and 
the direct and potential results of the recent Danish 
biological deep-sea expedition. Following the tradition 
of its predecessor, The Dana Expedition 1928-1930, the 
popular report on the Galathea cruise has been pre- 
pared jointly by the members of the staff. This gives 
the nineteen-author text a versatility, enthusiasm, and 
reliability of detail which would hardly have been pos- 
sible in a work by one man. 

In an introductory chapter R. Sparck gives a review 
of the 200-year historical tradition behind the expedi- 
tion and of the Danish pioneer work in marine biology, 
extending from the famous expedition 1761-1767 on 
hoard H.M.S. Gronland up to the present. 

The ship’s commander, S. Greve, continues with a 
chapter on the ship and the outlines of the journey. 
The leader of the expedition, A. Bruun, in one chapter 
presents the purposes of the expedition, among which 
may be noted the following: investigation of the 
benthonic fauna in depths larger than 4000 m; collec- 
tion of pelagic fish and cephalopodes in all levels below 
1000 m; quantitative bottom sampling along sections 
from the coast out into the deep basins in tropicai, 
subtropical, and temperate areas, outside of coasts of 
different types, with special regard to comparison 
between the east and west borders of continents; produc- 
tivity investigations supplemented with plankton col 
lections; investigations of neritic plankton around iso 
lated islands; magnetic measurements in great depths. 
In another chapter Dr. Bruun describes the faunas of 
the deep sea, including much of the important new 
information which has been gathered by the expedition. 
Other contributions to the volume deal with the hy- 
drographic results, the giant palms of the Seychelle 
Islands, sea snakes, trawling technic, the animal life of 
coastal waters, population density on the ocean floor, 
deep-sea bacteria, the natural history of Rennell Island, 
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an interesting elevated atoll in the Solomon Is] 


the bird life of the oceans, ethnographic and eg 
magnetic investigations, the sea elephants of Can 

Island, and the public and scientific relations of 
expedition. One of the most remarkable contribut 


is the chapter on the measurement of productio; 
organic matter in the sea, written by the invent 


most modern method for such purposes, E. Stee 
Nielsen. Quite large 
productivity were found during the expedition, f, 


geographical variations in 


10 to 5800 mg carbon per square meter of the sea 
face per day. The lowest value was found in the Sy 
gasso Sea and the highest in the upwelling area att 
\frican West Coast, and in the equatorial upwe 
zone which runs across the Pacific. The quantitat 
importance of productivity in the sea is demonstrat 
by Steemann Nielsen’s estimate of the total am 
of organic matter synthesized per year in the oc 
of 40,000 million tons, which is of the same. or 
of magnitude as the estimates for the yearly product 
on the continents. 

Although the great number of illustrations and n 
ginal subtitles help make the book legible for 
Scandinavians, it is hoped that a translation into F) 
lish will appear, and give this interesting book the « 
lation it deserves. 

(;USTAF ARRII 
Scripps Institution of Oceanography 
La Jolla, California 


Fundamentals of Reservoir Engineering. John C. ( 
houn, Jr. Univ. of Oklahoma Press, Norman, 


xvi +417 pp. Illus. $6. 


INCE petroleum plays such a vital role in Ameri 
life today, this book dealing with the fundament 
factors involved in natural underground _ petroleu 
reservoirs and oil fields may be of interest to a br 
audience of scientifically or technically trained indivi 
uals. 
The book deals with (i 
fluids—gas, oil, and water; (ii) the nature of 


the nature of the resery 


reservoir rocks; (iii) the nature and behavior of ro 


fluid system; (iv) reservoir principles involving matet 
balances and rate of flow of gas, oil, and water se} 
rately and in the presence of one another; and (\ 
plications to performance of oil wells. 

The author starts each portion with a clear discuss 
of the underlying physical and chemical principles 
expresses them in mathematical form, and_ presi 
simplified physical picture to aid in visualizing t 
concepts and their applications. The derivations of ! 
equations are carefully outlined in detail to provid 
good understanding of the limitations and simplify 
assumptions involved. Ideal or extreme conditions al 
often postulated to illustrate the concepts clearly 
Simple problems illustrating the quantitative ap 
tion of the principles appear frequently and are con 
pared with field or laboratory data on petroleum rese! 
voirs and cores. Calhoun makes clear that 


principles may help to visualize some of the very 
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ia occurring in oil reservoirs, but that 
eering is still definitely an art and not a 
atter parts of the book deal intensively 
ions of the fundamental principles and 


nterpreting and analyzing oil-field data. 


f ng || 
appli 


Ns epts u 


t cart shown in outlining the steps and assump- 


invo l 
rial in this book originally appeared in The 


Journal as a weekly page entitled “Engi 
Fundamentals,” between 1947 and 1951. The 
as not rewritten but was rearranged for bet- 
organization. This in considerable 
tition in some portions, Too, the use of the original 
vinys in reduced scale makes reading of some of the 
+ levends rather difficult. of the 
tition makes the material easier to follow. No refer- 
bs later than May 1951 are cited. But, since the 
hasis in the book is upon the fundamental princi- 
| concepts, the book provides valuable back- 
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has 


However, SOTnEe 


nd for anyone interested in studying the more re- 
t literature. 
ndamentals of Reservoir Engineering should pro- 
nteresting reading to scientists, engineers, geolo- 
s, students, and anyone interested in the conservation 
‘of our vital material resources. It may also stimu- 
ideas for fundamental research to fill in some of 
aps in the field now covered only by empirical cor- 


Georce G. LAMB 
il Engineering Department, Northwestern 


l niversity 


heh Altitude Rocket Research. Homer FE. Newell, Jr. 
Academic Press, New York, 1953. xiv +298 pp. 93 
fives, $7.50. 


\ this country, comparatively few investigators were 
engaged in the study of the upper atinosphere 
ior to 1946. Since that date, when a number of Ger- 
an V-2 rockets became available for research, the 
icket warhead was renamed “instrument section” and 
hiny laboratories took part in a coordinated program 
tain fundamental knowledge of our upper atmo 


DiCTSe 

[his book, by Homer E. Newell of the Naval Re- 
ich Laboratory, describes the progress made under 
air The first third of the book 
vers the various aspects associated with the use of 
f--, Aerobee, and Viking rockets as research vehicles 
details on rocket performance, instru- 
tion, and recovery of data, as well as limitations 
nd difficulties. The remainder of the book is devoted 
® expcrimental results covering various areas of spe- 
Balization such as ionosphere, solar radiation, and cos- 


pe uppel program. 


nd includes 


For this portion, the author has drawii his 


Materio! almost entirely from the “open literature” pub- 


» to 1953. The author gives reasons for not re- 


rH the numerous preliminary reports, not readily 
ect to the reader. Although this ground rule may 
Ot sufficient credit to some investigators. the re 
epter 1954 


viewer believes that it is a reasonable rule as most of 


the research work under the upper air program is un 
classified. 

The book is particularly valuable to the general sci 
entific reader, as he is given a unified presentation of 
the rocket upper led directly to 
specific published data through some background in 
formation and detailed descriptions of specific experi 
ments. On the whole, the author has not attempted 
other 


air program and 1 


to combine these results with observations so 
that it may be necesary for the reader to refer to other 
literature in order to obtain a more complete picture 
of the upper atmosphere. ‘The book ends rather abruptly, 
with a short chapter on high-altitude photography; a 
concluding chapter sumarizing the present efforts and 
some of the unsolved problems would have been de 
sirable. 

The publication is a timely one because our earlier 
of rocket air research has declined 
somewhat, and recently of 


duction in the upper air program 


uppel 
there 


enthusiasm 
have been signs r¢ 
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Gerard P. Kuiper, 
1953. 5 pp 


The Sun. The Solar System, Vol. 1. 
Ed. | niv. of Chicago Press. Chicago, 


Illus. $12.50. 


HIS volume is the first of four intended to give a 
systematic and comprehensive account of our pres 


ent knowledge concerning the sun and the other mem- 


bers of the solar system.” Thus opens the Preface to 


one of the most ambitious, scientific, encyclopedic proj 


ects recently undertaken. If the caliber of the present 
volume is indicative of the whole series of four volumes, 


scientific fraternity will be highly indebted to 


Kuiper 


the 
Gerard P. 
countries.” 

The present volume consists of eight major chapters, 
the ci 


and his “fiftv-six authors in ten 


by author (or two in ise ol 


and a composite ninth chapter with brief 
sections by twelve The chapter 
by Leo Goldberg is a masterly, semi-historical survey of 
fashion the 


each written one 


Chapter 


authors. introductory 


solar research; it serves in an excellent 


dual purpose for which it is written, viz. to introduce 
the physicist, chemist, meteorologist, or scientist in 
other related fields, to the whole fieid of modern solar 
research and to remind the astronomer not especially 
concerned with solar research of the rapid develop 
ments that have taken place in the solar field during 
[his chapter, all 


the past quarter of a century. as 
others, has at the end a very useful bibliography. 

Chapter 2 by Bengt StrOmgren deals with the sun 
a star. It reminded me of the 1937 classi Strom 
eren in Volume 16 of the Ere bnisse der Exakten 


Naturwissenschaften and it provides a concise and very 


; by 


as 


welcome survey of the problem of energy generation 
The lower atmosphere of the sun, the photosphere, ts 
discussed in Chapter 3 by M. Minnaert. This chapter 
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is written in the clear and illuminating style that 
istronomers have long appreciated in Minnaert’s scien- 
tific writings. It is followed by a brief, precise chapter 
Ly Charlotte E. Moore, which summarizes our present 
knowledge ot identification of lines in’ the solai 
spe trum. 

Che fifth chapter, by FL. ¢ 
two related topics, the chromosphere and the corona. 
field of 


startling advances have been made in the course of the 


‘. van de Hulst, deals with 


Hiere is the solar research in which the most 
past twenty years. From the observational side, we have 
witnessed the development of the coronagraph by the 
late Bernard Lyot (to whom the 23 authors and the 


editor deservedly dedicate this first volume), whereas 
our whole interpretation of coronal phenomena has 
been affected by Bengt Edlén’s discovery of tempera- 
tures of the order of one-million degrees in the tenuous 
outer layers of the sun’s atmosphere. Van de Haulst’s 
summary Is first-rate and the five sections with his “con- 
clusions” regarding the present status of research will 
be read with great interest by outsiders as well as by 
workers in the field 

The chapter on solar activity, by K. O. Kiepenheuer, 
is the longest in the book and deals expertly with a 
broad area of solar research, which bears directly on 
related fields such as geophysics, radio-communication, 
and the study of the upper atmosphere of the earth. 
This chapter contains one of the finest collections of 
photographs relating to solar activity that has ever been 
assembled. 

Chapter 7, by J. L. 
vides a fine summary of the research done to date in 
the youngest field of solar studies. The authors point 
out that, in spite of the fact that “solar radio astronomy 


is only twelve years old.” it has already contributed 


Pawsey and S. F. Smerd, pro- 


significantly to the temperature problem of the corona, 
our knowledge of the gen- 
field, electron densities and tem- 
peratures in the lower corona and upper chromosphere; 
the study of the radio-sun has opened up entirely new 
vistas for research in solar activity. In future solar re- 


fluctuating or nonexistent! 
eral solar-magnetic 


search, studies by optical and radio methods must go 
together. 


The concluding major chapter, by 
is a brief but much needed introduct 
of solar electrodynamics. It is becor 
clear that the 


namics will play increasingly more im; 


basi concepts of n 


the interpretation of solar phenomena, 
difficult for the uninitiated to follow th 
in this area of theoretical research. Coy 


shows the way in an unpretentious yet thor 


I cannot shower on Chapter 9 the variety 
which seemed justified for Chapters | through 
twelve authors and thirteen sections of varying len 
is concerned with empirical problems and eq 
‘The separate sections are written by the best 


the field and each is well worth reading, but 
picture is somewhat scattered and confused. | 
that Dr. Kuiper did not see fit to ask two or «| 
the present twelve authors to share the respons 
of writing one or two first-rate chapters on instru 
tion and observational technics relating to s 
search. I have no faults to find with the contri 
by the separate authors, which are almost with 
ception first-rate, but I wish that the thirteen s 
in manuscript form might have been the notes 
which one or two really comprehensive chapters 
have been written. 

In concluding this review, I can state without r 
tion that the present volume deserves a very 
tribution. No astronomer, solar physicist or ot! 
can afford to be without this volume and the phys 
chemists, geophysicists, and geologists cannot 
a more readable and comprehensive volume. Gr 
students with a minimum of background in 
and mathematics should not find it difficult | 
any one of the chapters and the use of the volu 
a reference book (or textbook 
to be recommended. In other words, Th: 

a place in most scientific libraries, personal 
stitutional, 


Harvard College Observatory 
Harvard University 
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The Republic Does Have Need of Savants! 


The responsibilty for forming ideals and fixing standards does not belong to states 
men alone. It belongs, and now perhaps more largely than ever before, to the intellec- 


tual leaders of the nation, and especially to those who address the people in the un 


versities and through the press. Teachers, writers, journalists are forming the mind ot 


modern nations to an extent previously unknown. Here they have opportunities such @» 
have existed never before, nor in any other country, for trying to inspire the nation wit! 
a love of truth and honor, with a sense of the high obligations of citizenship, and esp 


cially of those who hold public office. 


James Bryce. 
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of the Berkeley Meeting of the AAA 
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Local committees. 


Exhibitors in the 1954 Annual Exposition of Science 


and Industry and descriptions of their exhibits. 10. Future Meetings of the AAAS--through 1958 


Advance Registration 


Advance registration has these decided advantages: 1) You avoid delay at the Registration Center upon arrival 
2) You receive the General Program-Directory in ample time to decide, unhurriedly, which events and sessions yo 


particularly wish to attend; 3) Your name is posted in the Visible Directory as the Meeting opens. 


The following coupon may be used both by advance registrants and by those who wish only 
the advance copy of the General Program-Directory. 


——-— THIS IS YOUR COUPON FOR AN ADVANCE COPY OF THE GENERAL PROGRAM-DIRECTORY == 


la Enclosed is $2.50 for my advance Registration Fee which brings me the Program-Directory, Conventia 
Badge, and all privileges of the Meeting. 
t! Mer 


more 


lb Enclosed is $1.50 for only the Program-Directory. (It is understood that, if I should attend 
later, the Badge which is necessary for all privileges of the Meeting will be secured for $1.00 
Check one 


FULL NAME (Dr., Miss, etc. 


Please print or typewrite) 


ACADEMIC, PROFESSIONAL, OR 
BUSINESS CONNECTION 


(For receipt of Program-Directory) 
YOUR FIELD OF INTEREST 


CONVENTION ADDRESS 


(May be added later after arrival 


Please mail this Coupon and your check or money order for $2.50 or $1.50 to the 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 
1515 Massachusetts Avenuc, N.W., Washington 5, D. C. 


Vill 





